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This includes copolymers, terpolymers, etc.

The term "mer(s)" means the polymerized unit of the polymer derived
from the indicated monomer(s).
40 The term "plurality" as used herein means two or more.
When references are made herein to a polymer containing monomer(s) or
monomer units derive from, it really means that the polymer contains

monomer (s) residues resulting from polymerizing the indicated monomer (s) to
make the polymer.
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o oo S sesiant BF Taphut Stor PAPreetpigRle shoh ey e SRR e

t oget her f orgﬁﬂﬁ’eF?W@esyﬁﬁeéFﬁre' B4 Kéme éfm Tost %‘F"ﬂ'“‘éé?'l F%Ilk*g/@ s Brefppaiiy
‘that t he2Srontwmsy 2hear Bhgmbie prefirebly Uenh 30stacionait \isiintceapdds] ehaf values
addi tion pol yuewr bz abi 6 ssy = apdew,daFitRUbE! sbladd 32 paky el sdireosmycat al yst s
at a rate cogm&@g!e% Wtalstsfg,\étm%appénv”e arzaéiuggswn&ﬁr;r]e ]Qs%f L&NQQW%&.@

contalnlng from2 t carb avi n |near a

structure suttad® [ﬁ"Bﬁsﬂeéﬁ‘é t°bﬁ? eonggcl ’ ﬂe??&ne 1aﬂ’d oaitaesnép °§F’eatﬁot Thgse
consi der ed a%reshiPhtit cggrrdier phfathat FsneRnsiSicalpy dngended #ichaby ®dsadblshat i ¢

30 combinations of numerical values between the lowest value and the highest

value enumerated are to be considered to be expressly stated in this
application in a similar manner.
In the modified polymers of the present invention from 0.001 to 100,
preferably from 0.01 to 10, more preferably from 0.05 to 5 mole percent of
35 the aromatic or cycloaliphatic groups contained in the polymer contain a -
SOsM group where M is hydrogen, NH;" or a metal from Group 1, 2, 7, 11 or
12 of the periodic table of the elements. For pellet anti-blocking, 0.05
to 1 mole percent is preferred. For upper service temperature, 0.1 to 5
weight percent is preferred with 0.2 to 2.5 weight percent being most
40 preferred. For compatibilization, from 0.05 to 20 mole percent is
preferred.
The interpolymers suitable for sulfonation to make the sulfonated
polymers of the present invention include, but are not limited to,
substantially random interpolymers prepared by polymerizing one or more o-
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or cycloaliphatic vinylidene conmpounds are nononers in which on
carbon at ons VR8%24881 et hyl eni ¢ unsaturation is tertiary or qua?g:?ﬁﬁﬁ/zn”
substituted. Exanples of such substituents include cyclic aliphatic

groups such as cycl ohexyl, cycl ohexenyl, cyclooctenyl, or ring alkyl or 15
aryl substituted derivatives thereof, tert-butyl, nor bor nyl. Most
preferred hpiidnetonsrpphatire ¢ % BPHRIVE PHACF cV Y A{ASnE cHRETR B BARYRE LAy ePF

t he vari ousohs @ienexe wimddred raldghauibsed tutledltwritiatvingbidehe oyobodmscene a
and substit usmnsyfdzphﬁe@a@s ;an@Nébt2oRdNY/ d:ﬁ@xn@tt?ernﬁélfiﬁéﬂﬂlele ReRgrdmlkhyly
suitable are roted and %ry nyl - cycl ohexene. 2 O her optional

pol ymeri zabl'® é:tﬁ T’ nicarl unsat ur at ed nononer (s) i n¢l ude strained
ring ol e?ins sucﬁ“’e{%a bh 8 1Bt AT moReEs dPriudy kSA eﬁ?’“‘tlfer‘ﬂdefm mgpspers
substi t ut edcomraioimerfesn 2\t [20anpefengdlar framn2 eropd2 y mere [pxiefigrably from 2

et hyl ene/ st yp e @LRdD QLMY €. Preferred such hébmaddTlRE1ICERGA D] @ebbAlendi ght

brof orabl y PRaeas! donoray s penfb POHERLE ahd o b PO, Blerk g P

500, 000. ~ ethylene’ °rP6| SARRLRSHEP o eS’HGeﬂﬁr%Et o WOHEHELS r ePRSPS| dzflefins
t enper atQr esoalyv eontain drherenatdpaleyrneri zati on tenperature of the
respective nononmgnstdMy¥ ¥i@sUldr vinylibiéhd QFdRRki® MoRbmer@N®hiAKOLEH Be Odmployed
hommopol yITer Bl gk é%ﬁ%'ﬂ{%epﬁé}&ﬂg{ S eiifloyeli &SUEAL BYedd:DThIIAL, IR CAlnp1e.

pol ymeri zati

he substantially Pr @hdom
i nt er pol ynefPoh rﬁ?r’iﬁfﬁf“’%? bYt et F%uﬁp’rfiﬁpf%?““ 2 i nyI i dene aromatic

honmopol ynmer nay be fornmed due to honopol yaeri zati on of the vinyl or
vinyl i dene aromatic nononer at el evated {enperatures. The presence of
vinyl or vinylidene aronmatic honopol yrrer(CHzm, general, is not 35

detrinmental for the purposes of thea£ [es nt |nv ntion and can be

tol erated. The vinyl or vinylidene ol ynmer may be separated
fromthesi nweépsanyrRets defledesi £ash thy gemﬁpf a;ﬁfttamcéﬁc leon Gilse $ne WE hhAx ogen

selt ecti ?/e PLEG! AiK @tfaggc;fsoe?)rﬁ:gllﬂjﬂgg@r&d tlht@-dné‘é}bgﬂlét%ﬂlg fﬁefﬂéwgr ht hio

i nt erpol ymer, vin vinyd i,dene_aro r

pur pose of IHQ o&egsoernfnei\./kmén alc(t)1 X 1n%e?ewdggtlgds hﬁemggg f)ggﬁ the %ouk gf

wei ght per c&aticalsef@saptipg| %%é‘y??ﬁ.?ﬁ“l%‘dv@}%t riﬁ’éFEé‘ﬁt“E%@é‘dn%rFrf’ﬂel =6t &l
wei ght of t lrerbant etewd, yreaferadfl whydroger ovi mathytede &F enplenylh@ievpoby ®er i s
present 20  phenyl group substituteBN@ithubsdmant talsl yudstpeimsies Ndedeptady esrs than be

prepared as dgs¢ ch?ﬂ:tmg deMdS, A@P'-Lﬂg}l' Oithé' ?151&71&%5 #83h hibked vluhy 3,

1990 (corres elvens et al. and

%é)ndl ng E £ é amé ref rab

is allowed O ctaﬁl orP=e eraﬁﬂlﬁbéf”&f/‘%@" 28 % I%d‘a Jthe Y6 995.
Preferred o&éFIBRllaﬁg Hakdiah BeRevipyligene §ﬁ%%6l'§ﬂ?§??%ﬂ?%’ﬁ‘dﬁe%‘bﬂqe6ﬁ's vipel
pressures fromeaieposeehylstyperied GO0 styretenvdpbersyrane teriaiiag Lrlds

from - 39k er rik&nd:Q 29%@55 ]CGm'oounds ParticEX&R 65 tab1s WutRMofokasak y&ihugeand
met hods f or RUFER L L0 108 a1y iSUBS LRI kst gggc%q} bt @splqiexna{esteago

di sclosed in ‘% d Jul % g

corr espondi G I T ER-HRARASF sg1BC1IuEe SEVIERS, ABRSCERY SGKEMS: B PBL 4 PERY Y (B
May 20, 1991 €dr peRpSPAiwdny gubFtisuted dergypgigzrgof Gtsreqﬂ?ppFF@’alaFo?PrNo

07/ 876, 268, ekbammie, Mmthd;, H@82-,cend eapaneithglstyrene, OthkePrind 201 dRDatedl S.

Appl i cabbon shiprerdd/ 24kt a&&ylfﬂdlﬁgn%}é MidtudeddfheldoS. A morsBPLiczabdon No.

60/ 034, 819, s U S. Pat ent s:
5, 055, 438: ?fr%i'{é%qﬁ%%%gp‘g%éi%ﬁ%g%%é sggi”‘legglsz 38Q: 5, 13‘6 égé
5.321 106: 5 347 Byotbe semwfhindered aliphatag orscgjgagiphati nSnd

5, 556, 928. compounds”, ipaks Fneentauaii«}atsev tm@wrea@@eyg%wlﬂﬁ%weenm%ﬁ exanpl e,
di met hyl [ N- correspond:.ng to the formula:

Al
|
Rl— C = C(R?),

wherein Al is a sterically bulky, aliphatic or cycloaliphatic substituent

35

of up to 20 carbons, R! is selected from the group of radicals consisting
of hydrogen and alkyl radicals containing from 1 to 4 carbon atoms,

o



(1, 1-dimethyl et hyl) -1, 1-dimethyl -1-[(1,2, 3, 4,5-. eta.)-1,5,6, 7-
3- phenyl - s- | WAL y| | si | anami nato(2-)-N - titani umand 20 bEL RIS

(t-butyl am do) di net hyl (tetramet hyl cycl opent adi enyl ) si |l ane-titani um (I 1)
1, 3- pent adi ene. The substantially random a-ol efin/vinyl

vinyl i dene aromatic I nt er pol Ters cap, al so be pre re rret hods
descri bed byrotsFAPEY hydmgeBr%ﬁ:lg‘ﬁ e bR R(¥ Ree %‘Bﬁ °¥ %hf\ﬂﬂ“

95/ 32095; byréup Bf Raireld CQ!SSlS"—%‘B()?érMGHeqfﬁncamd P&l‘ié‘ntrédlqahé gentainAng

94/ 00500; aRdok N Bb asthtfonletdiizap| @ix@ferably hypiro@m eSepiteyizepr lag.Qﬁj:nat:.vely

Al so suitable arept pggeﬁﬂbétf%%'aakk ﬁ s?&‘%m E:t's @ﬁ&Q'eY:HstﬁeMaQib bully” &

conpri se_at |east one I n/vin Lvin aromat.i.c/ a- oI eg ﬂf
30

tetrad dP scPE¥d that lﬁhegmn ?ﬁ PERTIRG NS s%% 708 0’9s PrFEd H8epite
1996 by Framddirign mulymerigagiompy stypdasd F*ﬁgéﬁbdia%%r@lmﬁlé?ﬁ%d%ﬁﬁall&ﬁ%ﬁ
signals wthti antxeasmomps:cagﬂeaheh ¢thghendhpebynerhesibine peaiefin peatmarsi se.

-(Ig_gege S gnglcgn frgmtﬂq%o%maf@n Sttt ar{daﬁgﬁ.rﬂfa Aqné4r 3%1 @-ng83g 0-
ppm  Speci maj or_neaks are observed n
ppm A prot 8R* ‘Eceté‘f @Véheis pr?é SESi RArEsT gs *Aat. t 2 he' = Oéte st ar%

chem caﬂoshlcPPSerég?‘br‘Fs4’3m$rﬂq1 23EPRASAE AOBORRIHSh r?éeéﬁ?%&%?ngﬁﬁe‘{ ﬁél%aﬁhﬁl s
in the regi on §&:10aB®hbtipmiayiddaed [rphpayads @Arpormnomers in which dng ef dbe to
determ ne t I&@r&ﬁf Roshsl BedWNRgCh@L ilc Shafhifatabntihetertiary niregpaleyn®ns

descri bed, QESJ%LLQJM nsxa%Qg dYr Bfnd %&9@5&&& R 184 eyclic @ﬂg,wﬁd A

five to ten S ared in ture

er cent mer
consi sti ng GF°‘§R5’" FBFuAE DTt "rf%/yll e °12e"t38 agﬁ%f’%é?“ﬁ( he di“égnalﬂ}f( °* 50
vol ume pércenyl (}Buké)’tJir??(.\ﬁltaq1 %HF‘tﬁﬁlMﬂﬁ ttﬂﬁéﬁte'%?lta%‘é:tyéndpé?%"ﬂli Mozt
trichl or obepzenerre8INRnapHet baipmiaeiaegutyddakiphdBi efnylCderss ngmmunin\seese-

g?‘t ed decouphk n&ﬁ@&@@.@&ﬁerl@ %Qiy@“l'&ﬁ Wt P Ry %eQWaﬁ:@vé@'oncaﬁlofxéﬁé%e
nor e, r e
i sol at ed et Hd substltu(f:eg cyc oﬁ:exene? he goﬁsggh lg.ger?e—g 1{ g'g r?eré% &%Bect.lth.ly

r-assi gne
It is beli e\?éatitﬁét a’fenése 3ne\/\?'§ én‘éﬂ“é’la"ryé’ BRiEPD sequences invol vi ng

two headdt o-t ai | orhewylopbiwwmt pdynericable pevledicrldndurfsekixnked neponer (séast
5 one a- oligkivue BEEIihe®ing 01eEx@TRLéh asadbrbbindneN@ldSty{,@18F1l or Ce.yp

styrene/ et hxg&?ﬂ%};@&ﬁ%@em{%&ﬁéﬁe&@ S SRCTRBOIE! m{e&ssfymegsoe%gsal d
tetrads occur head-to-tail) manner.

under st ood eé‘e ﬁfrylrfﬁéd//q%b?ﬂ‘«?h%rt that for such tetrads |nvoI VI ng a
vinyl ar omat i c noReNBIDEY HYErIdtanokacpienheidyy AP &f riReoPTYPA*DEABr t han 10
et hyl enest hdhteimlendns eémelsubhy gaeayemt thennbidfemrefenablarfanmt3d 000 to
mononer / et hyil, 86, do6} Imddte Whiefe 801G Fiomesd,@06ids baw, ooar bon 13 NMVR peaks but

with slightly difd, ol o1 a%%gca%ld ${¥ebtBed monomer remov th%%etémekﬂmuwose are.
prepared by conduc ymerizatl o

oher 11.C 1 GR350 aPr PReFHEAE TARREARAS PEcton TRy Eopibed sl et
r epr esent ed qufq:ﬁ@t;m 91| gpme amounts of homopolymer nolymerlzatlon products [ er I‘]
30 resulting from free radical polymerization. For example, while preparing

the substantially random interpolymer, an amount of atactic vinyl or
vinylidene aromatic homopolymer may be formed due to homopolymerization of
the vinyl or vinylidene aromatic monomer at elevated temperatures. The
presence of vinyl or vinylidene aromatic homopolymer, in general, is not

35 detrimental for the purposeszof the present invention and can be
tolerated. The vinyl or vinylidene aromatic homopolymer may be separated
from the interpolymer, if desired, by extraction techniques such as
selective precipitation from solution with a non solvent for either the
interpolymer or the vinyl or vinylidene aromatic homopolymer. For the

40 purpose of the present invention it is preferred that no more than 20
weight percent, preferably less than 15 weight percent based on the total
weight of the interpolymers of vinyl or vinylidene aromatic homopolymer is
present.



wherei n: each i s independently, each occurrence, a substitu

cycl opent adi QP68 Lp [err]-bound to M Eis Cor Si; Mis a 3’?&0&9?’%2299

nmet al , preferably Zr or Hf, nost preferably Zr; each Ris

independently, each 20 occurrence, H, hydrocar byI, si | ahydr ocar byl , or

hydr ocar byl si | yl , containing up to 30 referablg from1l to 20, nore
e

preferably from TrheosuRptant ialdy 9afom AnseAPOABRETAL 8A7s Pe RFCRaTY0epF [depgribed
i ndependent | 35 Us apploeaibn alueBer 17/545, 40D flided londly cﬁcalmol (cinrespardiyg ooy,
si | ahydrocargyh.o Mar@mrbylméylc SteveR®MeahNli AHd UR hDLo3d U BERIiRBEYorf oM

R orouns Lo LT A0 X L (AT 81 2555, CBLARR-QL oBLIERD BHOIMOAL Lol°

1, 3- but adi erfe*chnﬂwmiricﬁatw ZRACHPPF AFEI Wssm&s #on AFPPRPEIR YPite BP0
presence of amosgiereatandgtepeasairgstfroRarid’cutazpPy’c. sui tabl e
cocat al yst S i ncl Utl@mpidy o@XH1PhiSL A BAMULYLHE and UlehQBddITor preparipfogRhoni unt,

oxoni um, n{\{bgf.grmlgﬁ% erg{:x ﬁk%&éﬂm@?%ta&eoéls%Qosed lEl 0. S Appla.catlon No

k Il
etk ol perl SIS, PRANTTRGL A Sopld el ol i B

t her eof .10 Pppllcatlopa*iou BT8R} 475, st edblay 30ibsoPt m&emﬁmﬁ? adi-eényl
groups incl uska,828; utHoeplidatiséd abed7Iy76,268 f cHiled aMay 1, 1992 corresponding

[err] to zp-A-=zoV%&zr eems e l&el%nl RACBENALNED Y, reANMAr Q! reRes uld,
hydr ocar byl , thcam ,Oh oc%byl §| I}yg%' cont aj lln)l ng, 4p to 30,
preferably iR _nL rrbre ra?) on or silicon

atons or twoPFRents: ér@ﬂ?pé%oée??ﬂar“ ?'orfnp%\s @lGV/aISeHF“ (?(Q?r\/‘:‘allp%/(-?SBf 38R 192/
group. Preef es,a3ly106R 5 347 ¢Rllepenib@nt23; &aiM, 6TCUFF 3% E33:s 5(4606PAIamg where
appropriate §1,I5|56i§zgnrer S) hydr ogen, nethyl, ethyl, propyl, butyl,

pentyl hexyl E‘[S%)é!\.%ulg@ﬁ yJu 9£ble cat%'lkyés £cl<u§gerf°'ora9:g Pé' %Eﬁ;thty\f@u5UCh

R groups are lin use

rin
i ndenyl, fluby én?’rmetf’eltgertgﬁ Yiart oiln‘?}@ﬁ%y* 1= “ll'%‘t3r anyars gf‘r%?} rr%, ?ﬁ’raﬁydm"
oct ahydr of | udRdRyYL-stindacen-1-yl Fgdenaninatre 2-pridft-eFit@divntedfyst s i ncl ude,
for exangd e, {4-Be€yliadido) dimethyl (tetramethylcyclopentadienyl)silane-titanium (IT)
(di met hyl si | anedivlahs Bles- (2- met hyl - 4- phenyl i ndenyl ) zi rconi um di chl ori de,

raceni c- (di met hyl gi] a%s‘i'a)(t)aﬁg %g tqh ¥ ,‘Pheny;j ngﬁg‘»}i %r’rér gﬁ%t_li?_ 1, 4-

di phenyl - 1, 3- but adi I“efie,> racem ane

phenyl i ndenyH)tEFPRGREEMSAP- fe[serka Pafwﬁed l?xfaée?nnet %FWE?‘F é’He%‘?’S’Pi $bi s( 2-
15 met hy| - Begoifierey leknalonyV) Rzi GxagRi 4rfod) -i@] €9 r945/32085X | lebe R- OF . §Rynell

conbi nat2®oPn (Exxontdieheefl. Patents, Inc.) Rur fid&n/guseparaid ve paeifiedSTddhhol by,

i nt er pol yner, cqgp @gmgeé)lggz) the present invention have been

descri.bed i n t he er at u Lon lva Vol unme
T hoens B3ty 1t osB b G arS R S Rptantianty, Tarra RCut Dy en |

Appl i ed Pol ysmprSes ehcksasVoinene-&&fipaies aromatiﬁmniﬂ@@m{lm%ﬁolﬁéyor t ed
the use of ar&iabaldilsbCose¥iSiem. basadpDitation NIEIRYIEE, 80D XANEA (PEImRR4,

CyC| open;oadl ﬁ%l EI tE@Q{:&?e?r IT&%QJQ g a(leE'qgsL e{nrt%} ersI %oﬂa@.gaécﬁhﬁgonal

et hyl ene-styrene_co

Am Chem Soc. S‘lﬂ“{")%&ﬁ%ﬁ@’iéﬁ’f‘%l%ﬁ%ﬁ% hﬁhé%ﬁe%éﬁm ’th fQéﬁ]*f Reffenokse:
reported cop®iegaetiorats GRPeRH AR e chemical shift range 43.75-44.25 ppm and 38.0-
MyCl [ err]/ Ti 88 .[seppr]./ NelfddiétaadlAp (MaBoy [peakd acatadsysted ot 44.1, gi3ve ar@ndem
copol ynmers ofprst YA @28t de bt QR %@rlnle‘rlteindQJ:at(elokﬁdlalthé)fsz.gnals AP RInked

POl YT 01 el a0 LHIR: §§eﬁl 29855140 35! Gl 400 et LallBHE ana endlS26RINCT

t he copo ynerlzatlon epe and sty Ehe using a
Ti [err]/mtﬂ[éﬁr’ieﬁl%a"[%ﬁﬁ] /PRF( B9 BetMIEPS SRrPOSar net z and Mul haupt

(Macronol . * In order to determine the carbon 13 NMR chemical shifts of the
interpolymers described, the following procedures and conditions are

employed. A five to ten weight percent polymer solution is prepared in a
40 mixture consisting of 50 volume percent 1,1,2,2~-tetrachloroethane-d; and

50 volume percent 0.10 molar chromium tris(acetylacetonate) in 1,2,4-
trichlorobenzene. NMR spectra are acquired at 130°C using an inverse-
gated decoupling sequence, a 90° pulse width and a pulse delay of five
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30 Chem PB& v. 197, pp 1071-1083, 1997) have descri'bed the |an8%? ﬁe
of poly Pl ?’&{’q%n condl tions on the copol ynerizati on of stP

et hyl ene using Me2Si (Me[err]Cp) (N-tert-butyl)

Ti A [err]/methyl al um noxane Zi egl er- Natta catal ysts. The manufacture
of [err]- olefln/wnyl aro nter

propyl ene/ st yPEHE4ENF Bott ne]f S s?e% raaarree 5%fse5F?%edDg§§m% lsaﬁﬁ mﬁtgsfleflgs
pat ent nunber sEne3soHdhe R%gﬂ%afﬂWf‘sﬁ}l 3R e cal | ndustri es
Ltd. Thet iist beljelydrehet wihesd nesntignal $iane gluedt € selromicep hiatviot ving
nmononer - ERS ndb@Sodt SIS U YrddaePe@Homt SrHYeB6d 1aRE £I11bidLbPOdty TREst

contai ni g, one WOBANLAY|slEDEra OPLLEIRNOURT S iGTLANGSyl ey O 00CNaL | N

t her eof 40 convertin aromatrc rin to cycloaliphatic
rings which StYret‘,‘%beBé‘l%%t L= (1o o é}?aniﬂyéenecﬂ}‘&’l‘?ﬂ?éx’eﬁféq‘i“?ﬂj) oprsaid
unsat ur at ed . tetrafg\ascoheskchesivehy)in a 1,2 (head-toffyeilnmennsal. ynét stsof one or
nore [err]-ol eiddStedtl bP NmeOskITDER ivii tHd aPf that FoFDAMN Bytldadenimvel iRt hC

nononers, or 9%1051:6?3%% moﬂgfﬁ‘erregtr?é'r' phat | tfyr2he and an o-olefin other than
vi.nyl i dene nononers, ,or. a conbhi nati on

t hereof, thpl 8YEderH Ph&L o, h t*ﬁﬁ%%eéﬁfn 1 FEAATHN BEPErRBERHN AF AN °r andom
pol yners. monomer/ethldene retredptilingive phiralke simdlaracarianoh? O™MB peprkgsbut
preferably freimh slightlyalifPeratprchepieflesabits.from2 to 50 nol e percent of

at | east one Vinyl rnexe 119fer¥b.f%lek£j%'}@ @feBEPéd by MRRARE!ing ! tHal B@iﬁﬁn@glzatlon at
al i phatic or ?gmgalegglglrgga%ég%gom -30% QX'Z' gll'\ mnorq«%siggg of l75‘?&1'3(9@5 as

t hereof, and pre era rom to 9

pr ef er abl 35 f r BRASSOTIRFeSEN4RG) BY 587 KHFFULY  at | east one al | phatl c
a-olefin having from2 to 20 carbon atons. C The interpolyners can
be sul fonated by any suitable nmeans kno i M10 the art for sulfonating
aromati c ring conpounds. A suitable di t hat descri bed by
Turbuk in US Patent 3,072,618. The pol mijs 2 sul fonat ed by contacting
the polynmer with a sulfonating conplex ¢ ,/S| ng the reaction product
of 2 to 4 noles of sulfur trioxide and 1 e of a | ower trial kyl
phosphate or phosphi teg. At o] t O[err]C
preferably from. 5(9)%I Pac% Ctpolg &5 td:g!qiﬁil)re&a]ccgil ecr%gh e}rc%%g?%éetrurt];% to

83[err] C for SYClopgny %“%W’%’@cﬁr’ﬂ?&“‘? &°s’évé3r af chBﬁr 'f%l’isoﬁ\e%“’b‘? 1V metal,
recovering thﬁrdfeswnyai or HE, bt @mafadbpplzymachajI;fsumdelplewexﬂeypaaacal Yo}

be suppli t he for | fonic CI fum furic
aci d. Par%pcupa §er§clﬁ'tabl é’drocarb{i Oitflwdr%ar al t 85 |yﬁf:?ca5 ngSJH t hyl
phosphat e, tr¢ettajhinshug giead@ preaerabh'l@mp‘yltom%smm erefierpbly firom 1 to 10
phosphate, tridmbhyds Bhpﬁ&hl s&msi rdagh Ml is mdemﬁamyt eeadhr b@é&&!hce, g,
phosphite, trh@tjtyl xg)hate dro en phos[ﬁ ate, J Q/ gdrogen
phosphat e, hy‘i’y‘%? Pogén WB HRYLRY F & Wr%?’é*?yd‘geﬁy rocartytSEhH

met hyl di hydr gtge:mqn&msphaioeso,ephyferdblwdmgentqm@sphateeprerfetmﬂly from 1 to 10

di hydr ogesy ph@%@ht& sﬂﬂ%h Qeotaxdgroga@ Pkt&ge% cfriplenatd gn t her eof .
25 l[.‘)artl cularly preferred ne sul'fonation is that described
by H. S PYEREWERE, S‘RStﬁu“EGrﬂdBeP‘gtada?Rf @ 15 1¥NGhaarS APHS 3L BrOPEY ] .
In t hi s petreoshlyainnivhe dprebiydl bd&npéét{i&ﬁ&ﬁd)}toﬁt)éllm Saiuftlirchtaﬂ.@l d
wth ace erat ur fr

(preferably Edﬁagiﬁ%gé%ﬁﬁ H‘E% %t(’): :?amgée bf/ngadld’z‘ng t |s mxfure to a

sol ution of tﬂ@stnlﬁGryﬁE‘Pni‘W‘a felrrerdranmed o8 olidehtums uBH t8s°f f or exanpl e

di chl or oezhanestrakis (paﬁiiﬂhsfbepséﬂﬁﬂbmtepmr% Qfeﬁ&é‘ilu'b?&ﬂlﬁﬁ?i)fﬁ’o@Eﬁ@,aﬁﬁ,
trichl oroet hanJ«_aummx g inations t er‘glioé1 ﬁt a te erature of q? -20C
to 100C. . AP SAFHEYHHPHREL MEEA S aﬁléﬁ”b §trers %acr?’“Bé“ap &ar ed
by reacting therepfie sul f onat ed polymer with a nmetal salt in a suitable

sol vent at Particularly, suitable substituted cyclopentadienyl groups include

those illustrated by the formula:

' R);
) 1G]



35 tenperatures of from20C to 100C, preferably from40C to
preferably fVWHP¥Ht o 80C for a period of time to convert essg%r&ﬂ%!’?lgygs

all of the SJerr]H groups to the netal salt (SJerr]Me where Me is the

netal), usually from0.01 to 240, preferably from1 to 60, nore :
preferably fromb5 to 30 mnutes. Me is swtablyagwoup 1, 2, 7, 11 or
12 metal of whesedpeaclpd ipdinderRPRtlyr EARNRPRUSTencEh el o fyEFRc25PY he net al

salt enpl oyediasydrbasrbyl, omhiydtvcasbyisfiylci emitatoirgony erot 38U lpst texiabdy | Sroal |
of the sul fOP%Bezrgr RURS referaspy telpém @Eallﬁaiﬁmnwahiycohrm b ) t11058
pr ef er abl y froml ef:lher ftgy:?n a dlval?rﬁ:r gf;ﬁivggnyel Of m?J'Cﬁ ougﬁt a?*e??}.la%

nol e of suI f%na’t’em?oup pr esent oI vent
errpl oyed i s thﬁiﬁPeré’ﬁB'&Hf egeﬁ PFEY’EﬁPCT d.s (J.ncludz.ng where approprlate all isomers)

- 10- hydrogen, methgdt eethvbulpgsopyit i bitivy ., embglnbessl nbsnavie, phavt pcan
range from 5ih191 %%, (where @glszﬁf)ﬁfﬁhlay #woOBAchOR gro8Ps a¥er Einkeefwigather E6MingS

to 75 percenj fg¥ec¥\gln.g£'tsyshem sﬁéﬁ ﬂéﬁé {)f ¢ Em'eH?P' %{: TydP;J.ntdgg}{lm xture.
D¥AEP

Sui t abl e net al s _whic ereln includé the s

can
f or med from‘bert(’ia‘b‘/%?fﬁ‘f°r7‘,‘ylll°6r°ci ng"s"rS Mel | as the ammoni um

(NH[ err]20 safarsicHdrhy Erefered ccaCpbystl, ingnleder bF yexareler] reesmdferr
carboxylic agifletiiasiidnskiayl)ybis- (2-Bathyabi-phemilahsergll) giredpi d2chlbridd, or

12 include %ceﬁckhlmgﬁyl&anw 1) -bis-FmeMiy1 —Qka@ﬂylﬁlcﬁQyﬁl&'z&@&h@mai -t he
hydr oxi des of, articyl wtacJ

ar | n drOX|des
i ncl ude the W F%’ %%u 6dleé’(e:’etraatc%'§lc %xar% sgdensily lﬁeglm t}i\é . K
Ca, My, Cu, RhgryZpdgpyl)zirconijpm di-Gny aéW'cﬁ?ﬁﬁmhaT ﬁddﬁe‘ifﬁ'éﬁé{frﬂed%xlébls(z
sui t abl ersar emdth@liy ghéadyasnddnyl hei reconiumali DopFEAlkbR]. c3akiys combination
Sui t abl e polé‘% ges which can be errpl oyed herein as blend conponent
(A) include, tor exar’r%EE 92 % am des Py epar ed both b conden @ n 15
and ring openi ng BBEYHePFRRT hveré' T’%’é‘{én °§d E}lf‘ﬁ%r‘? VT%RMC TPREPLC ur%
[err] the present invention Igyeshesyy degriibed gnvehe tlh’éeré‘GH?ﬁ)nLﬂ%ﬂ?ea’l\Ell on.
For the ringmpehetiakromolpatheani FedumeRiel r pagss PRET gradidf hyahodyemd but can
be an aligphagiagnieid606@RONRArnr 88 hppEda PbNgheoPRNREcHONY AHedES, pBESS I']
Is an all phaHO(‘.\l f%g ?V\%’Sl??rkeppﬂéﬁﬁthe useo&ege&tgg#'y 'lggeﬂd&u pol ymer s

such as poly car et we t ons
1 Uhe e n BATaY kPR (Y 4 Gricrayradien cifenion POlaBoiase &?%89 )

i ncl ude nyl ofp ®rerpreo#n Frhylend- $hyrepe Fppolymer. Xu and pgp
prepared by marHensati aiviEilv@dhenmslCivlase 3Ae pgdges ae@aem ansdgh weere a

di am ne And A Ak dopyml Bek forlQELMALI ML, /TiEDONACL,/AL (1BU) 3 catalyst to
give random copolymers of styrene and propylene. Lu et al (Journal of
Applied Polvmer Science, Volume 53, pages 1453 to 1460 [1994])) have
described the copolymerization of ethylene and styrene using a
TiCl,/NdCls/ MgCl, /Al(Et); catalyst. Sernetz and Mulhaupt, (Macromol.
30 Chem. Phys., v. 197, pp 1071-1083, 1997} have described the influence of

polymerization conditions on the copolymerization of styrene with ethylene
using Me,Si (Me,Cp) (N-tert-butyl)TiCl,/methylaluminoxane Ziegler-Natta
catalysts. The manufacture of oa-olefin/vinyl aromatic monomer
interpolymers such as propylene/styrene and butene/styrene are described

35 in United States patent number 5,244,996, issued to Mitsui Petrochemical
Industries Ltd.

The interpolymers which contain hindered cycloaliphatic monomer
residues are usually prepared by subjecting an interpolymer containing
monovinylidene aromatic monomer residues to hydrogenation thereof

40  converting some or all of the aromatic rings to cycloaliphatic rings which
can be saturated (for example, cyclohexane ring) or unsaturated
(cyclohexene ring).

The interpolymers of one or more a-olefins and one or more vinyl or

monovinylidene aromatic monomers, or one or meore hindered aliphatic or
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structure of materials prepared by this nethod are designated p '
with the num¥? oYL, hons between the N atons fromthe diani ngeﬁfﬁkﬁw

foll owed by the nunmber of carbon atons in the diacid portion. For _
exanpl e, the polymer prepared from 1, 6-di amino hexane and adipic acid is 30
described as polyanmde 66 (Rerr]=H - Rerr] =6, R3=4) or nylon 66. For
condensat i oreypbiataphatds, Vﬂyé%‘ie]nec‘emwﬁersa g¥ fauAenigakionatheasati emplovgdoimt i c
group, and RBeCaesbet dndéedtinstarenalbsabiyihaly candorapelmer<s. group. R err]

and R err] _ %gs@qnwfpoi soasdini; betdin Pdnyans dgsenf piréye&ag]sgperom
I ncl ude pol ya

6
ds% more gréfera l(y %i'om % to% mOQet%echTxt oé at leas% onedr nﬁ

pol yners suikt a%l €'fo

t he” presént qrn‘ﬁ%i‘%?i‘eaf‘@“&ﬁ‘bﬁ‘&??"&?r[ ¥ &Tnﬁﬁr@fil ﬂlﬁbﬁﬁﬁoﬁ/ﬁé{t"?a&ﬁph“m

I nt er pol ynerdpylidenatreonpudryvey @ ofmkdnetion woreotl iaptiafiros - b H9.A5 and one
Or NoOre NoNREedmble FBROIEES JoNt RIRObYIRELIFOEford BE IS odé peRbend Batad

POy yethy! eng L CPloe FEhened-Aledld RacuROLYPLS:S O HaBoh ek PY esent

i nvention are m)po rs or inter rs of an all atic, 1ncludi ng 5

cycl oal i phatic, aP8EFPRPHIVETY CF‘PcH‘?n ?“’tfani%e cBY e% %Ptl&ﬁ’%le megRs: sppHE 10
exanpl esoar e:hhoarMpéwynse#éor@tlm hybratéc oringrappbens,. dnduitsbée peithekrds of
two or nore thadlRscniv@anpEosbuxCihars pawhers,e@dzod1ef i nhe @lyweeris are

i nt er pol yners%%)@éna%amyee&t%e@ugn@h@r omreez 954365 J,u%s,lat%@faoﬂﬁléw&ﬁﬂl;iw 3

to 8 car

\
herew th 107 THREEEIR PTG oo 2 5 AuBRe. 47 SRk SEIRIAB RN oL mghe of 2
1-oct ene. PiqEer trla’d‘lyéfﬁ’}rﬂsehif@l 9%“&5?#[58@?5“%"@??%‘7%8%&%8?& fi° in
addi ti onst o Wh#, apreferabldl &fdm 50TNEo BR°ATDMEreN Ofe fRrabBY if CoTIBWNES B3°C for
i nter pol yrrer\drgﬁbi %e& hetenid Igo severalsﬂglhrsaggiltohgél@y Léﬁo%ﬂ%' YR 'ré?tﬁt%nt

MONomers | nCl a(:B t[ﬁffﬁ%nlp Suléuigrlaxzfd%nl:%]nshls?t %X supﬁe:t dIX L_LﬂS&%UI‘at

car boxylic aC| No- | dna errva |ves
of these acu%w%s&&ﬁm% S%ePs THRENY Sulf"éhﬁﬁfl’-?des‘,’ar%ﬁﬂ%{r ?“‘&Pbéfhch

nmononers ar eras¥ili phamphatesnibtdiade \Hriigethyl phespibtevi yrietimdephdsphatel, nal ei c
anhydri de. Tiepadp9l i gHospRey MBYiBuEANpRésphate, tHindiRy) PRASAGEES itzeeeiy t heir

degree of | %Qs 1t§_hq{rt:|.p J}%’lnp&rsﬁﬁ‘:[% n&’.‘l%ﬂgyl phospthgge,dh§&fJgQH hggpl;ﬁ%r eof .
20 I ni.c

ressure pol ﬁ%’? o By isron mbeBu o A gouys  Bitpas] BUPSRRFSs ALSIIIR SRR
i n the tradiPrperpite} d‘ﬁ@h%héilhyd:ff’aﬁtﬁ esahghe dehikyh: Fipwirpeehphesrbate DPEfhyL
LDPE enpl oyedhydroghe ghoesteintt, cahpbsiibydmges phbsphiltas aaydembibatioh fhegsof.
than 0.94 g/ CC (ASEMt@cZBa?r)lnyarml hetinddese 9h1donemdd Od thetr Rcrad Bp
preferably f ovssqu?oa %a%neﬁérg,loa,{y eutﬁss£ ag%tneﬁénsneﬂf By AST Test

Met hod D 12 g con ng% her ass |% [ near olefin
pol yner s whi%¢hS H‘§\78° 2 g rgpiride prﬁpéﬁﬁd Eﬁaﬂ“ﬁuﬂ? e ‘i‘"ﬁﬁ 3G P
traditional EICPWéhlan‘FXﬂﬁlé'Er%l ® yrepbespstng lofntrom -70%Goty AEP Y (Aeaferalieneous
LLDPE) or | ineeadenhi-zth adenxi°ty fodlauaidhyy adeindOthipohyaeire {dHBPEgluthce ofSthrg

Zi egl er sgol mg{am @c@f&@.ﬁ%s&fx@ﬁt eesaimlse for exanlr;ng diAl &fethine,
4, 076, 698 ( ﬁl’ F ]pgzrde) S_LOI'J]__’QEAII'I’!I"I’ES e%a?%hq.loroethaﬁeh ttrg.&%%pg%%ﬁggm ymers.
£n

HDPE consi st's | near po ene c

enpl oyed |ﬂ°t°?‘l’%““ﬁ1t R i TiTPEs FFy"fh5§°“h a%r%f‘?yw(gf dat -1 east 0.94
35 grans per cUbpcsadéptiinthese gyyfonytedsrelomerhicardrehprevdTRe Rysreawtiheod D
1505, and a tmel gulitogkeved (FB8Ied 238h aCcoahlt b4t k) 4 Buiduble avpgeeraf afrom 0. 01

35 temperatures of from 20°C to 100°C, preferably from 40°C to 100°C, more
preferably from sofc to 80°C for a period of time to convert essentially
all of the SO3;H groups to the metal salt (SO;Me where Me is the metal),
asually from 0.01 to 240, preferably from 1 to 60, more preferably from 5
to 30 minutes. Me is suitably a group 1, 2, 7, 11 or 12 metal of the

40 Periodic Table of Elements. The amount of the metal salt employed is that
which is sufficient to conveft substantially all of the sulfonate groups
te the metal salt, usually from 1 to 1.5, preferably from 1 to 1.1, more
preferably 1 mole of metal salt per mole of sulfonate group present in the
polymer. The amount of solvent employed is that amount sufficient to
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to 100, and preferably fromO0.1 to 50 grans per 10 m nutes. he
heterogeneougv lerrpl oyed in the present conposition ggﬁgﬁﬁ%@zﬁ; '
a density of from0.85 to 0.94 g/cc (ASTMD 792), and a nelt 40 i ndex
(ASTM 1238, condition I) in the range of fromO0.01 to 100, and

preferably from0.1 to 50 granms per 10 minutes. Preferably the LLDPE is

an i nt er pol Fierteof %‘i‘?ﬁ?’éﬁ@l%d‘%ﬁ?“&?u%r"éﬂ{fﬁh&hfﬁr‘fa]" Binge fEChavEhg St r om
3 preferably from 10 to 80, more preferall} from 15 to 75 percent yl@ightbon

atoms, nore pRE&f Rhatley chiifed-WRigRY ReNtral AlEurlr ef erred COMONONEr S
i ncl ude 1-buteneg htmi%hx tﬁ& gq@%%qch neg;r;ﬁploa}aq HeRGh hif1ude the salts A

further class ist e uni ranch honoge

pol yner s> ( hSAEHFh &R SEPHPEY . 2 THe ]Hoﬁ% n'é?)f[fs} ?)‘T VﬁéJr sasc’c')thef éf"ﬂmﬁ'éml Liticl
chai n br anclsestapddhmfe @nFymbP’Eﬁf@ﬁé@leér itQ eElo fqaammec rash8 e Pertiqulaniy ng
nore than twaicsleoRetalleon) grddprbgenedudlpody Nerihciadd wde K,hase asadea,asy,

described 1 g,U g, E@tz%nt z;i,s@4§u%9@1e( ELéttﬁg)hyd@QMeQ%@ sﬂaﬁene%wg S0-
called single sjt a% bat.ch react or, having )8.}; Ve hi gh

ol ef i n conc&REFHTY ﬁS’ﬁg" 5%‘: %cs’rail R S °l5at3én°t 1{% *and 10
5, 055, 438 (csAtaer: heﬂ%@%ﬁ?ﬁfcﬁ“ﬁﬂ‘gf‘l@ﬁarﬁh@ﬂ'/ hfbnd@eﬁéod@ p‘EH'yﬁEr $nafer t hose
pol ymers i n NiH,Clnd keycombiatdpn | thereofd oM sodssittablaitazd. thiet hydrasiegiofemhe

i nt er pol yner, sgpdaai sheanshwgerein the int erpol yrrer nol ecul es have a
simlar ethyl eneéggg[ﬁqg;godlyag{({% ‘}\Mlcnl g'ant E@‘I f pRJ_‘Q/e'IE as bIand fgmporh nI

honogeneous LLDP resent co tion _genera as a
density of fl"bn’rWIB%e't §°%) sFamRYyee PUABTM D s p’?fﬁfﬁr%l %@F? xiyna‘é‘}f’ensat““

( ASTM 1288, apdnelingi epentihg jpelyherirztiige {ﬁpr{e#we kyl the fPQbovimgdsyrusteresil y
fromO0.1 to 50 grans per 10 mnutes. Preferably the LLDPE is an

i nt erpol yner of ethyleneand one or nore other a-olefins having from3 to
18 carbon atons, nore pﬁerab%fromS 8 carbon atons. Preferred 20
conononers include 1-bu t hykin % @ﬂg@ﬁ;@ yarhideexene, and 1-octene.
Further, there is the cl asi of substanti all I near ol efin polyners
(SLOP) that may advantageoudly be used in corrponent (a) of the bl ends of
the present invention. These polyners have a processability simlar to
LDPE, but the strength and toughness of LLDPE. Simlar to the traditional
25 honbgeneous pol yner$ the sugstantially linear ethylene/[err]-olefin

i nterpol ymers have only J_ P pea MF radi tional
Zi egl er polynerized hetero eng S I|3he - et hg?e‘ﬁ%/sa 0 g@?n I n% er pol yners
whi ch have two or nore nel 1ng géaks (g'éterm ned using differenti al

scanni ng cal ori n8hesg are (ftyst ariver|thy d¢ammemmant éfvilpn polfyneite airer dperpddosed
30 i N U SpoPpdnaBbs N@$ is oréferaddf, hykirdgeh, 20t 284l te, 8O n18Pkhtic hydrocarbon

The densghty saluk g, Sho, ao%enséguwa%ags AREALIRNGE, ML ASII D187 Sng

generally from

f
g/ cc, and esB%%?daPFng‘\’g?ﬁ On%de/vccyf‘% =9 eré‘ac%é/lyag‘ﬂng “iegeﬁi
i ndex (| [ er Mppoery € FaFPPRF PS”RSTI\?F Brepsgn @?ndi“tq Sha%df‘efr]‘C/RfSBG 35 kg

(al so known Maseztiladsrdf) thixf tibe iStlRel sylgen®r alvlon itorand. fdlcy/ 12 M n. to
1000 ¢/ 10 min., peoefAiabl YarkrfW¥oOpiebagddl By NHohded2t100 r@tHdls) Such aB0khe
- 25 reaction between a diamine and a diacid {or diacid derivative). The
structure of materials prepared by this method are designated numerically
with the number of carbons between the N atoms from the diamine portion
followed by the number of carbon atoms in the diacid portion. For
example, the polymer prepared from 1,6-diamino hexane and adipic acid is
30 described as polyamide 66 (Ry=H, R, = 6, Ry=4) or nylon 66. For
condensation polyamides, R, can be a difunctional aliphatic or aromatic
group, and R; can be a difunctional aliphatic or aromatic group. R: and R;
can be the same or different. Polyamides of this type include polyamide
46, 66, 69, 610, and 612.
35 -~ ° Olefinic polymers suitable for use as component (B) in the blends
according to the present invention are aliphatic a-olefin homopolymers or
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especial l y fgy&t\%ﬂ%}l 9/10 nin. to 10 g/10 nin. Al S Qe kRSd 1966

are the ultr ecul ar wei ght et hyl ene pol yners and
et hyl ene/ a-ol efin interpolyners which have I[err] nelt indices greater 40
than 1,000, or a nunber average nol ecul ar wei ght (vh) Iess than 11, 000.

13- SlCP can be a hormpolg of C2-C20 ol efi ns,
such as et hyPegTgoLymers, r?Fob’ﬂﬁ%ﬁ% YREESSEne 2T JIOAE cHe! h%tt"(‘? e-odffins &3t BR an
i Nt er pol ynmepr gfore non-axdmak e aonpneys gintiecpaliymericab] @ thpre@ich rdr Feyorfinatef i n
or { err] - CheryeknyiembyaeB) Calrkyferred diRSiid pé1RMe FD FOPRIseOfin @Exerﬁx]eSQE@r r]

g:‘ OlefL;/P OE.mﬁenQQ(m) 'aggtﬂoﬁgpél%éﬁé) ﬁt@p&%eré of Q’J §91591§t%‘ Héfﬁ:‘qgfs?é ymer

di ol ef i n oFy%ilc?éPsﬁthéhf‘%afxrglpgﬁgarialﬁ'?"é? 3%°’P‘r§n8?’relr s Carbpny atoRs! C’Sf‘r'f)aibﬁﬁt i on
t her eof , i netapbehareorPmRPeRSEHL efviens oF crFopyirneerand interpolymers of

Especi al | y puefoersicaed @+tdbEin mohynerE. C OIPaN @RéSerfrad clefiHikcSEollylb¥s are
HDPE, het er exgeerrsgiﬁeegldofhgrmeng%aa&%%# @L%hep%!-w%ew 88nd F;f):m 31(%0

especially isotactic ene er toughene ropy enes,

et hyl ene- pr 8p5A=ERR artﬁ'?ser pgﬁ}'ﬁé?ﬁy ) il o Yl o1l 1 - O 3ﬁ‘tﬁr§76 FP‘FI"SE‘”&F#’E)

or any tonbirrivdenifrerenss . 4-methyl-l-penteffgre lpheneds, @ndt hrocperssenths nventi on
usual |y conpréfieié polyiert Gorffdnents (apimafedlabl gonkbiin 30 dddiOfonans vware-

preferably er?%nfeooﬁﬁlop@rneﬁnammtéémomegbtm%r&qw&mhe( Mherdioml to
rom 15 to 30 percent

99, prefera I
by wei ght OP coaacgln@éﬁ l(ll§$ ter§°gy“fef6ﬁ?kﬁe m°“%merst 6“@5’% °fe?’éﬁ§‘?§ from0.1 to
20 and rmredeJ@Fe‘?sabFE/th Fbrﬁaflt'dmfet‘ﬁ’éftt%‘érﬂarb°xyl1%>?°\?\é$ frethfoReMPEaAent

(C). Thes pedcomtageslarae beleds ofertiverives alf thasendcids, sueh dshespadsyamd S
consti t ut i ngnHyae:ddseNdSkeaph dyher R GonefdHar 4,5 adrf19tadcid0 metﬁg&qﬁt;c of

100per cent Qé’ld\’\ebﬂ@tl Qéetggmgxge%a%.e{éo‘)ana;cg)ldéndng)ole Tn:r.c polym?ﬁcas -lc-: bl ends

of the presg |nv ntlon My B &FL@ are suit known
in the art aﬁfﬁteﬁbf 9 P¥i &Y td(?gr%ﬁﬁ b]I°é“f5ld‘i’ﬁ1ﬁh?’ht ghain br?ﬁéﬂ“l‘%‘ilai‘éd
formin the%ﬁeﬂ?@dnﬁr’@@o%qr@ﬁé foll ovved by mel t bl ending, for

exanple,,in a sc xtru , Hersc er. The dry 25
bl endedzopel l ets Jr)my aéssdf)reoéte v ireft Ymref)scelsss%?f’e fld’ gr?‘%{’ﬁg gOFI M98t at e
article by Pfﬁssé’k%lr?ﬁl"@%rhf%’t‘PPoﬁ’F%fﬁl“ﬁbng Al treenstdigat yinitiaptop| wfdstingy

be made by & rrdetrripgivironal Z@ngorhaini kiaodted 3ot genvityopolvkehilesad(LDPE) .

conmponent s, LpeH BfoYofed HARY PrOfEtOfonpBE £ i6A vy $115 hb B aoaendfﬁ@%prlegg two

or nore rea@ﬁaq{ﬁ §4ng§@fr '(g§TbP'b ‘pﬁ)agrlu?la me:ﬁ%olndex of fré&qqi bivteos 1§6’an
ant i oxi nts or ex

| RGANO err Ly I Osphi t8s>1 P57 e XS % m’}“ﬁz&;’&d@é %"r ’ﬂ?g by At Tegt v
stabi | i zer st e“t¥‘|°F‘ lég%h t%g\’f‘:?s“?’!*gr) exarrp]IFrg:|1 pol yi sobuEyItee];Z ), 2

anti bl ock add't'mschegoélggsaqg tnd L HIEAL 81 o8 nﬁﬁ&yﬁér%rah Phdte> O DibaEllcd 4900

in the inter nNer s In t resen I nvention, to 35

the extent t Py U"’B‘CH 9 AT e"the'r‘?dr'}\H%‘af‘Heméﬁﬁéﬁﬁe‘ff“ﬁrb‘béf’ﬂ%yle“e
di scover ed BSAYRgpt i(BaFrregeneous LLDPE) oFhbingddihiighedengity eapypeteren
functi okl | polagets AHRPR) as@IRESnK AD¥dler polymerization processes (for example,

U.S. Patent No. 4,076,698 (Anderson et al.), sometimes called
heterogeneous polymers.

HDPE consists mainly of long linear polyethylene chains. The HDPE
employed in the present composition usually has a density of at least 0.94
35 grams per cubic centimeter (g/cc) as determined by ASTM Test Method D
1505, and a melt index (ASTM-1238, condition I) in the range of from 0.01
to 100, and preferabiy from 0.1 to 50 grams per 10 minutes.

The heterogeneous LLDPE employed in the present composition
generally has a density of from 0.85 to 0.94 g/cc (ASTM D 792), and a melt
40 index (ASTM-1238, condition I) in the range of from 0.01 to 100, and
preferably from 0.1 to 50 grams per 10 minutes. Preferably the LLDPE is
an interpolymer of ethylene and one or more other a-olefins having from 3
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to those skilled in the art. For exanple, the amount of anti oxi dant
enpl oyed i s tWOI9AMBUnt which prevents the pol ymer or pol ymer HRGHUSI8(2328940 .
under goi ng oxidation at the tenperatures and environnment enployed during
manuf acture, storage and ultimte use of the polyners. Such amounts of

antioxidants is usually in the range of fromO0.05 to 10, preferably from

-14- to 18 carbgnjatopss mogg Rreferapdy o459 F18oRFEPOR 3teme. pdrefsnredy

wei ght basedcuponndrdseincludedi-ghtenst 4-wethyl-yrpentene pakyereneplaa@dl octene.
Simlarly, the anpunts of any of the other enunerated additives are t he
functionally equi %ﬁ%ﬁ?eraﬁ&%t $5 ShEh s thhdniERITAY RTanFRadder homeseneops| yner

or pol ynmer bb&iyaersht(heqsereony, LERFPEYF odire chamagerdeys rred yeersupentafin no 1big | er
:coadi nﬁ t5 lpdilmildC]ecathz_a:deﬁii naderﬁﬁylsﬁgat:@eﬁaeﬂvde 4 ekaes:haﬁldt,ieggl Qf having
romthe col Qantndy +Rb PN n aflds) .
enpl oyed in the r.ae%gg o[g fré)nrpao. 035)5 \,?géegl I?Ié‘;f é’?’ggﬁ&%f %%cﬁnhgsl h%gf)?g'?fierr%sr e
preferably fFORFO°S tB 2G° pet-E8ht ’Bé/é)' g sB‘?i’Qeda‘Ef%oH%%é‘a%i“dh’Eg §P-the 10
pol yner or peAilfersippenFite gaRatuats im at batchnrgagher boving rplatgvelhéyokoul d
be enpl oyed eiefio Sdcpmrreeidnsbyasekbghtivbasaduimnonatdne wed.gh)o2s! 76d1@nd
pol YEE‘" ﬂj_'l P9l dsBPi3ebl€Lfich) . The unj.:(‘.joﬂﬁ? @aﬁ&gla%f flggméglaﬂe&fseﬁﬁﬁn_ e?:@vaprgtﬁ e
For exanpl o Bavmecs 2prates e congllblt L3 MRatny IR BU G AP s v
i nj ection notRFEGPYAFEE moL9fiE ehPRéh BT the intergob@egsmaterilehbatmnuf act ure
of fibers, foaiianrethykene/cwonomdreritiondsthin thot tdterpslament invention can
al so be utilized in adhesive formul ations The surface

sul fonated articl BE BP"ERBPFLARIE FIRIGKTT dR WEnPTRF 0T &PrPOSitifn peappgally
range ofloapptascatdenasts @Enfzes ¢ BSgred-8619/ger (AS8M| R{7§2Whicoh LBelpcndess

i nproved nat eysTEF1A3@ndidnagtichal adhetiesS ke a5 AGRDNSLI€d @doPY¥nd preferably
deﬂeas;a_ in the bandsnay geinst Per p.@lrl\i%ge%.ﬁ §£éff;Ka$fty9€w§,&,tnp§qfsf§:?e ! ded
sul fonati on u i_nprove the solvent resi.stance of_nolde
parts in app’fqlﬁ%é .|l ngpgoufc%tqgsl%g? ggge‘))?ae ol é“?r%t?tt}é?rf)t“l'\‘/’ge art a.v“??lefr?{flr?at@e
sul f onat i on BaR2ES o2 sy kT et BF SEApRIVeI iy B-haprmabriasy, Fuefeoras t he 25
adhesi oré0of ¢rawoherere puilade dubstanai esmetiofl -aRent ate, e X aigxese, ghasSsoch@ial |
and pol ar polyners, and inprove the barrier properties of articles to

gases. A further BPpPPrattul 3 16 HEEF eds 8arant iy nbdeapolrfin @gqlymers
parts, so as(S8PHedpreaey pdvantzgrdusiy befused| its cappbrgpt ded parthe Hlends ik

t oget her. 30the presenthimvestidari yThesed pobgierd navees prbyedyasiDftyt Banipaesent
In;/_enltl on can, bu]?etﬁg |s‘:i-e§ﬁdhtz—f?idpf&?ﬂﬁ@?tsaowL_(i.?}?{:i.a-?g%nﬂfalrf@tgrthgg;z%%it:;[onal
articles,;su xampl e _hut _not .lim.te cal ender sheet,
bl own f i3°ns ,ah“ga?"r?g%:t"u%ﬁ"‘eers' e a‘%’d“saﬁ%?v %@?a%igh%l&“ﬁg%‘ﬁgﬁglﬁ hi rd
conponent bl ETETRIMPEES BRYS £BEY 2 singlg priting @prky F6| SrRPSeed tor t¥RAishonal

bl ends. Randdebiespbivieaizadl beysrloesncoan Fbeanlesbylrpeticedefin gnverpodimerer S
Wi th i nproveshienmmagkidid bf ove tle1plAbeaks (dRle@hilaSusiighaferb@iagxanpl e,
aSp_hal L. Ram%%gsl:%]fo%ﬂé Sa’EBL n@.LL?.I]q. linegi‘sﬁa‘.legl}énl %Fr Oe\é%d }eeq?seé]ggsgée
resi s_tar%c?.e ciorrgaltr ed 1o upsu go%'ltqg L s% 785372 i Gl zflo OWs them t o be
used in high "heat” applicati‘ons” do ”g ! &t rofie sanpl es can be used
as high heat el asphen®drsitpwel 0nakesk 49 me33HRESn "RV 0Pd3Re DA tAVASM D-792 is

suscept i bl e gtege§£§.k/i f%mbUJSag{cpc Eg E‘rﬂ‘é‘?”&%f:ﬁ R'i)eferabl%rgraégnng%tssglcc to 0.955
The foll ow ngg, exarrgl es are _irlustrative o tie T nve tTon, but are
cc, and especially from 0.85 g/cc to 0.92 g/cc.

The melt index (I.), according to ASTM D-~1238, Condition 190°C/2.16
35 kg {also known as I;), of the SLOP is generally from 0.01 g/10 min. to
_ 1Q00 g/10 min., preferably from 0.0l g/10 min. to 100 g/10 min., and
espﬂeciallly from 0.01 g/10 min. to 10 g/10 min.

Also, included are the ultra low molecular weight ethylene polymers
and ethylene/u-olefin interpolymers which have I, melt indices greater
40 than 1,000, or a number average molecular weight (Mn) less than 11,000.
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not to be co stolimting the scope of the invention in
manner . Wo' 83969? - 15- PCT’U%S'?%?
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content in tHe 84 Efﬁ& uf‘?/fUr content was performed by conbust i on
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ﬁé@g;:ibf&b PIOHL Blpg:o wand rr'ore 1:% lpab%{?/ £ro 7&' "8/ {:8?6@%‘&

assessec& by fi.rst 8" Ff%i inasurfuric aci
per oxi de->nmi X193P8% infewea f‘?l'ngr?‘hé E? CormrEferaRn} Y Fremes dico AP cangsmore
absor pti on (HHeapTabAR) fremaly $os30 percent by weDditepfriceapérent ofB)RPesret firoSwl. fur

by X-ray Fl uer 63cgiveseapegtires CNAyto 20 antNRoMepbgbierBBTE @0m Qf +& Ulof yérdelatt he
ESI sanpl es Wﬁef@ftesfnéaﬁﬁkrg}{t Xrdhy ay The pggchgl{a%%g e{l%ebass%%c%x{ Qﬁ%otp%al amount

neasur ement s, we rpmfr e(%rsnggins %g %ﬁ I Spersive
X-ray spect rorre R 5 § 42 fRpPEdPhFd comprise a eral
scandi urﬁormla)?ﬁa’é‘htﬂfn W%ﬁﬁcﬂ"l‘}b’éy waightyrafsigreensnts (Adr e(B) and d§H| ed out in a

hel i um at nospher.ep,,T, 0 ssed_into and ed
into XRF cups WI th e Qfen%gr@cglgen\%% %?Igr %)nv% ehe 1y R %eé’areéj by Ul A ST

covered w t {4 WB?)&“OE‘%‘* £rE rﬁ“‘”ﬂi’es C’El‘tfs n&?\d’-’l"f‘ferﬁ ter dryRigpdy in 2 from
Chenpl ex | ndi?éﬁ?‘?ié@d fore. iTikhe rAegiradenpopostians Seiliphed bwemed trpbnding 3For
triplicate cxample, sih phurreohannelder, THersdhbbntikbt £Sr\Winbuny alidged TRE drpe

; undane trz?al mag@j&?teiﬁetanﬁéyyﬁé tsdlréce'l’?t zﬁ‘éltb!t:ﬁil’é&sélﬁﬁ 1H€@§Ufﬂg1t 9?1%@ E%Ctte
‘or scatter c n 9] A o a %rga W nt.i u5|ng
e d W&Q‘ %}%Xb é‘ J.In ctl Ano} in Ce.{ijl{t tt:L F gﬁltﬁ‘ﬁﬂ 5 may

f undanent al ra er S ana cer

st andar d |n Y Nopd crpé’f’f:’é‘fﬁ“é’i‘ﬂ"ﬁﬁurW1§€%H‘ida?‘Hth°rb&set"Gl Plspgs used for
40 quanti tm'\a?ﬂenASPesm $eorexgtriendaranicde patrcdmeteis @reogeantor RGFRW
was used hore cedarvkatinOséries or parallelDeterm nation of the

Concent ‘rggtlon of Sul fur at the Surface of ESI Pellets by X-ray

Phot oel tron Spé’t?fjf?fgéﬁpi}’c(‘)ﬂ:%)antlm‘ldants (for example, hindered phenols such
as, for example, IRGANOX® 1010), phosphites (for example, IRGAFOS® 168)),

U. V. stabilizers, cling additives (for example, polyisobutylene ),
antiblock additives, colorants, pigments, and fillers can also be included
in the interpolymers employed in the blends of the present invention, to

35 the extent that they do not interfere with the enhanced properties
di.scovered by Applicants.

The additives are employed in functionally equivalent amounts known
to those skilled in the art. For example, the amount of antioxidant
empldyéd is that amount which prevents the polymer or polymer blend from

40 undergoing oxidation at the temperatures and environment employed during
manufacture, storage and ultimate use of the polymers. Such amounts of
antioxidants is usually in the range of from 0.05 to 10, preferably from
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Pi eces of the sanple pellets were nounted on a sanpl e hol der, LF .%pde
B3 SThepnc el

si ded tape. e and bul k of the pellets were anal yzed.
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cal cul atlé atmmerpéFo%‘?%g‘é§leWre H@!‘%’eﬂ di Fheiipstapce R EipkeEAT cthey coulu
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(9305- B MonrHée e ehirboiceted ﬁé“z%‘??oﬁ“h as, f«rﬁee@%feem Pofiolgmited to,
essenti dlS| y dahendgrgd sshg€AND148n Aifnsrenddirdent it makdgpideparts. fdgshiendg can
system The &3BPbe ubéd iihl thid Rahecvhidion £ibbes,” EPARL ahd ghttLfes. SIH4r Brertizd

the dropl et JeimBge JrssitSPhdredoPRal Misd80% RN LAR in Zgﬁeélqg%mulat:x'oﬁs
di spl ayed on the gio uter scr

re a
angl e measur enent S °af & "86% oM %“%ﬁaaﬁ‘%ﬁgﬁs °F|t%2‘§r%’feis§ﬁ o’fnv?ﬂtem\’}l %aé‘o%fn"hgeé‘
A wat er dropine tisleappfidectf PEPEHRSLRWSSBeh 36| tReditsaPsleresl Bdetasihigha
m Cr 0- S0 ng®ssesy itpreovedoptetrialohamiling chgpacpeirirstiglsyaf) ddnenscrated eysa 30
The contact RgEssTEASINEIBIHeEcyRiECLIADbalRE QY stodd @vb@Gek he spEpcRdUr es

descr i bed i 1,4 be, Q08K g;,raugnglsr B altced OhpBE GRLEGIenfNA0 MRS B de

System A0 as supp |e rmnation o

ckin
Tendency of R2&F° e L5n853ucn aﬁSIf°§a'?‘?‘ﬁf“%lepeF?%T“Stt‘ﬁgaﬁ?sarrsﬂé%(?ﬁﬁg?ﬁeo
fully fill tsméfergqtpmaa)x gipo bogised| tadBRFAVAIRATS RIAtALHIdS¥, JEeEPve Fhe nder
(120 nM26 SZadmesitinac¥ .parthieco polarCytbstdetss weste agONkr excimplle hylasd t matala

stainl ess st8@l piaRepdiimbad,f and mpuneewgw PSR BRéhelrbEed VB d1ahi¥ess @b the

l'ind h I djt h d wth
LN cont S PASHEE B dheion socbgRuzadlUote pDEGLE: 8 Soldacl 1

rack and a QiiFdgd S8i 81 &7 GRfFepractsa rc?ﬁ‘“%’ﬁf’y of JF1BF Afe ‘H@FFéfas'tF 4 [F&* @
cylinder. Tiegethemeter of the foot of the pi ston was 50 nm The wei ght
of the pHost on wasrhd. Sardoml @il forac8d |iterpolymeisght thaspidsasedneatitchheart op

of the pistan Gead.t8 ¥ pléhudetDtake TRREE of radliched hbriclbs sSRAPlLSsYEr €
| oaded into f Dﬁ\/%@t %%Q iﬂ&%&“@%‘ eéal‘é%éered she%%n%%wdf:&;ns a%beiﬁie%ié)& 24

hours. After®
-17- molded parts. They can be used as thlrd component blend compatibilizers

in polyclefin/polyester or nylon blends. Randomly sulfonated samples can
35 also be used to give polymers with improved compatibility with polar
materials such as, for example, asphalt. Randomly sulfonated samples also
display improved temperature resistance compared to unsulfonated samples
whiqh allows them to be used in high heat applications. Randomly
sulfonated samples can be used as high heat elastomers. Sulfonated
40 samples may also be more susceptible to sealing by radio frequency (RF)
treatments. _
The following examples are illustrative of the invention, but are
not to be construed as to limiting the scope of the invention in any
manner.
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fromthe ove npl e wei ghts were then renoved, and the s
Seo et FERB B

allowed to ¢ oomtenperature (at least 1 hour). The cylin

then carefully di sassenbl ed. The resulting pol ymer pucks which
wer e generated by overnight 5 conpaction (usually about 50 mmin di aneter
X 75-100 mMmmin height) were conpressed between two flat plates using a
| nstru- Met/ Sept eshacsput er - controlled Instron equipped with a
conpressi on | oad ¢gel 4511 JiGg! Psilel RELHWAS were emplibydal COMPressi on node at a

rate of 1 mm mn. The pucks vvere&f%ggres e,c% until. the, pellet cylinder
failed, or until T8ft B2 F6rage Jiodross g% o238 ‘?L?)terﬁrﬁ'PEe‘ﬁ’fBétar ain of 50
percent 9as Rheasitetics IThe RDAr e dynegd reeghanicat hipeebrometer wwnbiysddrtd @bkaire
was recorde@dus data. A temddP&rudel bfRbewds ahn $eam HippgoGakodlyTetoy) réatoacwer e

obt ai ned USians%/step Wi el lgionf %ﬁfib@%l’o?r de_?%gp‘L@%a%rs%egplﬂxé pc[s%§§fagcoir9t 0

thin films and put I'n gL um num gans. e_saﬁgl es WE{J?J tfeated to ~ .

180[ err] C i FEEREPEBEAENY TREHE/EhBHE 38 2 BT "2 R WOP L BndUle  SBIFFFRL train

mel ti ng. Thenitimiles inereastifeincpRiitdvenl00 percam] ediysereiys roene3ef ¢ C and

heat ed t0 140fue Becrdasdd[ter & |dSemi NThe maximum stradyjnatsupet am 2 glecadriton of
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of 5[ err] C/ fUACHieRevass 8pgadreatpd ARt avd GRe o SEREeRE JfFe F??lﬁﬁet%éﬂ?ﬂ"eaaé a

function of thenpertattareedas (Meadoredundiien USTrewsdésdy kel thermdie expansion

t enper atigr e o3t coMtirgdcilbRCaPRASidedt i MAmber 1s MBard® Sk SRRCHTENAWIS ragé SK

wi th thi Ckn%%ipJnm&b@ggr %@gﬁgia@gaﬂogf?fth@b%rm P GRALAG DY 2Rt ive

melting pressing at 2 alr-cooling to roomtenperature.

Tensi |l e profEPTTRE*Were deterni ned by ASTM D638 at a testing speed of

0.2 in/mn. The Extemy oft Sifl fonsiion weasdeferainidnky BynenSFl PIIBSLBET

| zod | npact x-pey checheswerscedepeitirbsmghy byl oASIHoRSrgBdphy30as used to db=rmine

gySE a: :zbn_etd}felsdlagr tP&haént( Imf;heé%f Se.IT 3RS ishh O CONNBE A4 Berformed }'9); and
ystal | ini . rpl ne i i i

(050 - The Serifteer & BISEuRer *z%&%&%@néﬁ%&? i che suab, 36! FELdake,

crystal | i ne 381 THAGEH PRt TR GHE 1088 198 T BRRIE ANt )peak® SPBFERt Was

whi ch a pealespetsaedney Finst Wagestépgrtdedsamphe dgr atdwdfugiic ediel/brioggn under 35

thi s peak wasretitgatpdute, tahatqusnoiiyifiorhd 0 pexweentbyCrysteahtémie base

pol ynmer 26polyapidieck. (ridhe-hhy:anR@)s4t hyl ene, 277 J/g; polyl propyl ene, 209

219 Qass t RISt At astf%grscen 810058 424 % 1deld BEhL OUB L1 LG,
the ni dpoi nt™M8#aiFRT RERESTY Gly TAFWe insghe EST samplgs) yasTARRIPLPS 8Y ¥7R2Yi s
t he sane as filherescysteabbegtaonedpyi A lpesasurements were perSemnedi wying| Beilipn
M croscopy dtsovasvelehetnnidassklidyvd erdyokbetirbfeter. Hi6CRGEGuenitnj€Ct i ON
Mol ded t3@n.SiJqﬁiﬁggc\i:mn§c%ﬁ&&n/ﬂig§.%qutpa thf.0h11 meapt.llr%g‘@n@équre
subsequent |y i mrersed .in |hl gul dnit rg en. g%bn‘gl eg vere ttp%n resseLlr{atncttoured
in a conpact®F&ifs 8t ABdR PertEL FE P ur € Wofdgyr=6f°" P
pal | adi um coHfe P sapiiiced ipis REaMETe Y £he-8 R FRENPCISPARY ISEM G pRY dtPng
at 10 KV. Diggptes roegedarnidhysimdcyeporper folmedhorrups sad| Hdmovere obtained
from Chemplex Industries, Inc. The measurements for sulphur were made in
35 triplicate on the sulphur channel. The intensities were averaged for the
fundamental parameters analysis. A water blank was measured to cori:ect
for scatter and film contamination. The total sulphur was quantified using
fundamental parameters (FP) analysis. A 1 percent certified sulphur
standard in water or 0.5 percent sulphur standard in base oil was used for
40 quantitation. A PC version of fundamental parameters program, PCFPW, was
used for calculations.
Determination of the Concentration of Sulfur at the Surface of ESI
Pellets by X-ray Photoelectron Spectroscopy (XPS)
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Addi ti onal Chal’geﬁxeoﬁas‘sakﬁérkéyfarﬂﬁgtéip(é@iél(YﬁteV)' Irexlésgﬁh /‘Ge!i eferQPRrr din

the sanme ma d o {4 L ar%tgr erlodi I Aft e e run
tinme, the pgﬁ%r%g;lso&\ﬁ{ ?giﬁ\%ggtrgr%ﬂ% m the T eac (8)r lé%%md‘d% eH"Wth

25  isopropyl HEEHY . ﬁ?FﬁEF@lle‘&a’ﬁﬁlé}ﬁﬂ1°%rfﬁso§‘?ﬂfaHf“( FREANEAGSESF 1010
avai | abl e freodr@1sa mlgyorcérﬁ)a) Reak adersdwere mhesyrelywsng sol ubtayrated
Vol ati | 6§ weraekgempued Elemmtbhesepel 3iRRES faBtdrsVPEMLELQVIRNL S s ot wak0F&sS ] C

for abaised 20 Lagwuaat;ﬂseombwamgéésy rﬁgdegeéc@w e%yws 9Bk, foynd
to contp%O anounts of ~anorphous polystyrene hormpo ymer. Bpme
Preparation [ t ons for the Substagt lally random E/ Q'S I nterpol yners.

[e)

An £ Water (PHARY)jowESI \Hamble

Pol yner 1so- Sty

Desi g- par-liil_aEE@ |l ene ene (AWPa) ([err]C (mn.) ([err] nol) dant
(9) 20 atadnNandi}) medsBremdVEa)ere( €dken using a Kernco model G-II goniomedbhr

Eg:% 3:2339- (i(égncozigg:ruﬂtgl'?ts CQ %ﬁc ’ %90 Ke %;o Strée%,ol:‘.l Paso, TX 799§2§9wh1ch

0
The properti egl%efe t??egrﬁégg B3l I§fr‘1’§?s %O?Tsaﬁd‘%ﬁ%e Foate GYrYATEEN MaREEO) -
1. 35 B. T8I §i5HER i iSnof empblmth HEUEs RFAMS-40 automateds@ontaE@Sariglwas
di ssol ved i meBo&rint slischrm.or D¢ Isamsld s ailluhiraeed with £ lfaBég-opBik tthgndM Xt ure
was heaked tsould efid |theUdidphetd RRAROl; ¥ NBIsp YRR YR 68deo monlt%rz"d 190 ﬂ% Qf

cyct ohexane o Lherec o, Jpueil LOIAL 063982050 soce RLEBY 0 O

cooling 100 m_ d|c oroethane 1n an Ic

percent sul fUFTT "84 BFYS2 %renfbﬁ?:’é‘le?cbyaﬁh%‘iﬂ‘daé‘tteﬁr?‘il°n 90 the fleo imaghj g
sul fonati ng Aa@%"r?tr dEePlatidedarrd ieficof Fempkessimg ndigled csrmblorplagse using a
-19- micro-syrirgjel cangidtieO dpblee eehlae el hbprokdhat21p d’lQUﬁtﬁcroIlﬂt&s

p0| yMer 30as Thé &nPidtibighe meaduPbfentls &E‘ren&;é}@HQA b@ngol%ﬁlﬁ’@§ﬁg %rlogé
with met hanglescrtggd QLQ!' ¥£@38¥\%§:lng proceclurgo I ra:ontact: Anng% Measurlng . of

this soluti gn Was et asi
m G40 as supplied by Kriiss USA.

Determination of the Blocklng Tendency of ESI Pellets
ESI sample pellets (125 grams-enough to fully fill the cylinder)
35 were loaded into a stain-less steel cylinder (120 mm x 52 mm dia.). The
"~ - cylinders were constructed by cutting a stainless steel pipe in half
(length wise) and the two halves of the cylinder were held together by a
' clamp. The cylinders were lined with TEFLON™ coated paper. The filled

.cylinders were loaded into a sample rack and a guided piston was placed on
40 © top of the pellets in the cylinder. The diameter of the foot of the
- piston was 50 mm. The weight of the piston was 1.9 1lb, and a 5.0 1b,
weight was placed onto the top of the piston head to yield a total force
of 6.9 1b. The samples were loaded into the oven and the samples were
compacted at 45°C for 24 hours. After 24 hours, the samples were removed
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further anal Xgh?w&gf the renaining polymer was neutralized wi %&%9%295 5'

al .44 Mneth | OH solution for 3 hours at 70C. This polyier was
t hen washed with precipitated from 2L nmet hanol and washed w th net hanol .
El emental anal ysi s for sulfur gave 0.12 percent, or 2.7 nole percent

| f onat ,
3 o o R SOt A P YR BRGS S S
SECS- 1. aJé°“SﬁItl°oﬁ%ﬁ]1 58 B FEHUTR (P8E(§355) L hour). The cylipder was

procedur e astkamprasedydlbbcideagsgrbiagd-f onati ng EOS- 1 enpl oying the
fol | ow ng: 509 potpeTeesitiiny 2pblydOpidksdiiithorsret baeat&Dbiloveysigniexane,
15 80 nig S%é&%ﬂg (@gemy abIJ?@ sbe;a@&hoahaye@&rt Q“i? fiaé%&l m tnglapcmefg 2-

propanol . Neutrall zed g]hﬁ sol ution.

B Fur Canal ySrpresssasbeiiieen ko Blactiated: e s TRpifat/Septedh Spiier
percent Lit hF‘mﬁr°3F'fﬁdsI%§HerﬁatdéEP9§‘oV’ﬁ’f'eP torrresdap tlopd rester r et shson was
SECS-2. 20 Don iRreparadsion mpkle Ethyl srre/ &t \r ennihnt ehp ghugRe rwefESecinpressed
(51.7/48. 3 Wantii the pelRRN E@NhaES)ailed, or untilEeRYALENE/ £Ir¥E G‘d”fel@@rigkymr—
was pr ep edpl Il t SQ g‘tal l 0 ggr%e%tcetgas reac%eg‘ Ci'gntéonuoq.’se ‘F%:te% acﬁteovre
The react] onP Kb Ura consi ste proxi matefy 259 3 ons_a sof vent
conpri si ng aSYiiRfier fabfureytdHReReiedos (85 Wt . percent) and i sopent ane
(15 wt.), and stypsthdbifferentrial oScadaing Gamlorimetry)| degmt verst ght@dpedinging a

et hyl ene wer gefqdihifin@d BsC-7 £NRAMESI dbakéfe AETL-PXYFRA. into thERefiimsi did @ariih t he

styrene was Qimﬁ&&tg;gxgdmé rE%FnL§eé’"@£f‘e hEITe s, Qo°c mp{-Hegbé'cQ BQeke‘{a‘%St?r?ére

with eth en . Ihe vessel ssure_contro set Qm nt

with eth °F o §R EIRYES 588%5&‘:? 5?1?? ‘ol h‘“ﬁﬁla@& F’e’?ot{}\‘?é”l §ﬁ?l

Tenper at ure ?-‘h G/REn FesTHI Cvpns Beatedotq 84010 280 pAMM: by varyi ng t he
j acket water tenpeymatuse aonirdicaniessed frituoe tooglyedspibraszadteoninddney
vessel was hggm;ed i@3tée desi red run tenperature and the catal yst

conponents Titani s DRty Sy Q db?? de¥L1(rrging<} u%gig 5 ?\ﬁél?i) %1mer

2345tetrarret anam nat o
di met hyl 2% cARgPe1 38y 3. thermonsch ‘T‘r‘iaé(ﬁ“é‘r’té’é? uo‘?ﬁﬁ’ﬁﬁe“r&?ﬂ*b‘&r S35 11D0-

15-5, Modi fi eakeref HyEAtianvarsxarrs. THse PRt rabinmer & ithl| Brohe Aid bt catplamas a
CASH# 146905- fshchiveoE fdmpearammztalsl echsuped.a Th®IUSTr &t definasi & ehe 1/ 3/ 5
respectivel Ytenﬁﬁmd}@datamlég‘dﬁg ﬁeQe@ﬁQlyﬁigei mmAN Fe2k g&iﬁéd"gas thaisk

pol ymeri zat | Hkn'8as cf%{less""%g 0P AGEES i ‘Q'lémetét hoYH §0% Sk'xBuP' pgeé:ati:gdt he 40

reactor as re O mal n alﬂ vessel pressu Ses lﬁ&drogen

was addeff t o™ n%é’é&ﬁfé’@eabfzo? ﬁea’?deét‘f'&f”’t’d‘gn’h‘i’ r’i‘f’&’f‘ rfeglt"’rﬁ?fter"r atio with
respect to the etlgdséhe nzoperies aererdetdtminhe randsSTf D63 ak um teshigg Speed
catal yst flowewas si/apped, ethyl ene was renoved fromthe reactor, and

328‘“ 1000 ppm of ) REANGXL 84 La;QiLQ?ﬁt{lEea E’@MD!%% Eé‘e? ad]ged t?ht he

- 20- on_an e 0 romthe

sol ution, The res%’-’fgtgt—ﬁ%&&[qmtgi’ Sre‘l”%s \ﬂg?e'xlr‘ E?e’ﬁsj'r?’ %) §g1 ution by either
strippint with st%mfalhne Mg Pogpt dﬁmusé_umw tempeLagure
extruder. | fTd)heargaseysyhllingtgtveamietermirsidr by pidfifermhidlabcanmdoly t i onal
processi Ng Weslokeftiriyebsch. exhe Usimples Rere BaddaTRNla totd 0dUmec mARLER &hnd

moi sture andt@%r%yagm ﬂelﬁ:tlx&%q.nt was observed as an endothermic peak, for

which a peak melting pint was recorded. Integration of the energy under

35 this peak was compared to that known for 100.percent crystalline base
polymer (polyamide 6, 100 J/g; polyethylene, 277 J/g; polylpropylene, 209
J/g. Glass transition temperatures were observed as deflections in the
heat flow response, and the glass transition temperature was recorded as
the midpoint of the heat flow curve.

40 Melt Temperature, Tm, is the same as the crystalline melting point.

Scanning Electron Microscopy data was determined by the following

procedure. Injection Molded tensile specimens were notched with a razor
blade and subsequently immersed in liquid nitrogen. Samples were then
fractured in a compact tension mode. Freeze-fracture morphology of
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Sampl e Sol vent . Styfene Pressure - Tenp. Tot al Run Pol ymer in

Nunber | oashani99/20691 oaded H err] Ti PET/UBBI22RM 0on
| bs kg Added | bs kg | bs kg Psig kPa
[err]C G ans Hour s W . ES-1 841 381 662 300 .105

724 60 34 4.9 9.8 Sampl e I[err]

Melt Tot al pAdiiglfum Jegted sqmpbéptwaprexamined with a Hitachi S-4fR ¥ operapilex,
Per cent Lemeho xv.Mepiyadal image analysis was performed on a se@idd of Styrene

Wt_ ) micrographs to determine pagti.ir}:le sizlt\-.{bmgrticﬁ)grﬁ%@ distribution.
Units in . t Pol yrer

ES-1 1.0 48. 3 <3.5 Stm Str. E. Sul fonation of
Exanpl e PD (B¥MPHB 1 10 Sane procedure as enpl oyed above for

sul f onat i ng EOBrdoaearidy bAEthibene/Octeha) $uywens  (EDHY 1ROLIBR fmer500 ML

di chl or oet hane, spQ /8%, £M¢l &hBX ceRO ERYy . sul fonati ng agent The
reaction was ter at e lized with 70
mof a1 517 M %?H%%“&’WﬁifwSs%esfme EReeBR s yere it e TRy )
percent sul fMaﬂ-mono)dﬂ:nmetmal(ysur@met@Mh?mwel%nt@reumlﬂtu&amm| um This

sul fonatied pGmgekylthSadieheaf)t eitd195€ranade 4i@ (PentRESuorophenyl)borane cocEtalyst

Pol yam de 6( Pr{A‘g) or(eNﬂzo Ocﬂle6}atlo according IP't‘hepPAlﬁ.gm%e g@né]:lgi ?thfélilS:l:Jl%\l F

of 222[err]C .and a ent crystal Tinit rom

Si gnal as CapLBAISIF iﬁ?’ﬁ“ was” olEiq3g) Githoti dREiHEBpPouats ©f nixedrgy kane
pol ypr opy! en@lﬁa%t 41 "G PBiLARPISF f@EERrqn] Chargads J8Fcknstyrene monomer
crystallini ty-oaieré6ma:\m1elrablﬂedfdg@m vdsTenén bAded @86 tMe Ba&ktor by differential

Pol yet hwsen%r@EL\QDeELx%sn.on (Dress-l;bé QilleE%Eelﬁngm By d%Qké()etflilx&l %35% a
density of

W r ate of 1
D- 1238, condiTren nEgaw%ocThe canaterrgs of LQ 'iﬂr "% Q‘eall%e ](:))orgh&h es%ﬁfl
Conpany as DSWPESITEFE]Eo3hauea by saturation ‘PFBM?‘% 8F tfedpiirgfepisssure.
enpl oyed as Tenpedich |duaetiipgrofotitaalyst andpodopmelystareregmicesd in fidlpene 1.

-21- and the resulting solution was transferred to a catalyst addition tank and

20 injected into the reactor. .
Polymerization was allowed to ptoceed with ethylene on demand.

Additional charges of catalyst and cocatalyst, if used, were prepared in
the same manner and were added to the reactor periodically. After the run
time, the polymer solution was removed from the reactor and quenched with

25 isopropyl alcohol. A hindered phenol antioxidant (IRGANOX™ 1010
available from Ciba Geigy Corp.) was added to the polymer solution.
Volatiles were removed from the polymers in a wvacuum oven set at 120°C for
about 20 hours. The substantially random interpolymers were found to
contain small amounts of amorphous polystyrene homopolymer.

30 Preparation Conditions for the Substantially random E/0/S Interpolymers.
Polymer || Iso— |Sty-| Ethy- | Oct- H: Temp.| Time Cat. |Antioxi | Yield
Desig-~ | par-E frene| lene | ene | (AMPa) | (°C) || (min.) } (p mol) | dant (g)
| nation {g) | (g) ] (MPa) | () _ (g)
EOS-1 221 458 | 2.76 13_7 0.36 80 15 2.0 108 .
EO0S-2 239 461 2.07. 103 | 0.36 80 15 2.0 64.9

The properties of the EOS polymers EOS-1 and EOS5-2 are given in Table
1. '
35 B. Sulfonation of Example 1A (SE0S-1).
50 g EOS-1 was dissolved in 500 mL dichloroethane in a 1 liter
flask, and the mixture was heated to 83°C until the polymer was swollen,

and 100 mL of cyclohexane was then added. The sulfonating agent was
prepared by cooling 100 mlL dichloroethane in an ice bath and adding 7 mL

40 of 95 percent sulfuric acid and 23 mL acetic anhydride to it. 70 mL of
this sulfonating agent was added to the flask, and the reaction was

] 0w



Table 1 ol y Styrene Et hyl ene Cct ene

Sul f onati on] Wéﬁﬂfaferr] Tnferr] Crystalli - mer per Cgﬁ?'ms98/22299
Per cent Per cent Per cent - nity[err] W. Mle .
W . Mol e W. I\/ble wt. I\/ble[err] [err]C[err]C Per cent

1 1A 14, 5. 10.0 -45 93, .
12 2 allpued pgprgiied sy Tidiys Togy3 howrsy Tijsceclygen g pregipitaged
48 ihto 2L of methahql phd was wasped furtier Aoty mephpnel. 5 Thy polgmexr was

--- --- rddi8folved.ih 900 k2 metBanol; 40 md dJheniegiretnin sad sepaldiae sas
det er m ned byurgl,%nggsla@naalmsme remanuncP pl;gyrae% e nghB39: 3dANSLY i58MNuL, of

t enper at yre Per cent
crystal | i’ni t¥ %4 Bdag“éﬁ’agﬁf’nc gfo%fsxi?vgfa%r gel? uﬁﬁg%tf 95%7 TP§S 185, ynex ias
pol yet hyl enethen washed \tjich precérihated| fronAli BFLHagol wedg@seeﬁtW%h Reffpanol.

aromati c ri ngpenedialhasdlgsssllfoonail@dr gavd (.12 RREPARATbON . OFmdileEpEYSent

Bl ends of Vaédl?U&anQQhY”%i@méQﬁE? a@iﬁ%@egozbilgfﬁhn&x;eh@ il Néﬁ%ﬁ@ @etrcent, or
80[err]Cin % gvacuum ove@ Qs 8ten na.tte& QOurs i or y_either
1

n
a mel t iR nBEhod or an ex rus 8% Beethod hefgaéteﬁeﬁ%ﬁf Cg(}ol\/%? hod
About 20%® gr3HPE-bf the bl end conponents were first manual ly m xed and

then fed into a 0 cc Ha e Buphl er M &, equilibrated at 260[err] C and
oper at ed at %e—#é‘fﬁ—#s pa qui l i bration t%/pl cally took
about 10 min. Oncermeherasefyre é?rr?é‘? Ypdeahnyg FrasnbiPn2BbioeFPd ¢, emrleying Wwas

20 cont i nusd lb@ingansicheslyger (AOSES) ,S A0 mihaichl beodtbbamd, b@sildenci@hexdre, i n
t he 151 X&y mﬂ%l@@&%ttmé?ag@h{] The :Qla@ﬁ%nsﬁégi)ltéﬁu\ﬁﬁhﬁ‘c WeEHICadnt @sf e
partl cles ropan?l V¥44§¥ Q w1th 70 L of EX{ éi%l '%e§$§% ?ﬂgkﬂﬁgg %éautlon

About 200 gra ents Wwere Tl rs manua

then fed at faf é‘néfy?sl b/%&u‘?“(eop‘g‘m’?t IR RORFT}OF nt & aenelyw -6 mole
Br abender 1-peychny 2iSdiumy) Théartudfonatedtpalgmeniin eneefreaxx refisgdoed Jot aat
260[ err] C anskosupn. With a screw speed of 75 rpm Materi al The extruded

bl ends wgy e & hap pellabized EEWlehQ)d%EJZM 1AL b Dher3Pes-1) (51.7/4QBEkL ] €s of

t he vari ous blrends areggl Ven 1 n l1ap
-29. percent

:.Ethylene/styrene copolymer was prepared in a 400 gallon agitated
semtiontinuous'batch reactor. The reaction mixture consisted of
approximately 250 gallons a solvent comprising a mixture of cyclohexane

25 (85 wr. percent) and isopentane (15 wt.), and styrene. Prior to addition,
solvent, styrene and ethylene were purified to remove water and oxygen.
The inhibitor in the styrene was also removed. Inerts were removed by
?urging the vessel with ethylene. The vessel was then pressure controlled
to a set point with ethylene. Hydrogen was added to control molecular

30 . weight. Temperature in the vessel was controlled to set-point by varying
the jacket water temperature on the vessel. Prior to polymerization, the
vessel was heated to the desired run temperature and the catalyst
components Titanium: (N-1,l-dimethylethyl)dimethyl(1-(1,2,3,4,5-eta)~-
2,3,4,5-tetramethyl- 2,4-cyclopentadien-l-yl)silanaminato)) (2-)N)-

35 dimethyl, CAS# 135072-62-7 and Tris(pentafluorophenyl)boron, CAS# 001109-
15-5, Modified methylaluminoxane Type 3A, commercially available from
CAS# 146905-79-5 were flow controlled, on a mole ratio basis of 1/3/5
respectively, combined and added to the vessel. After starting, the
polymerization was allowed to proceed with éthylene supplied to the

40 reactor as required to maintain vessel pressure. In some cases, hydrogen
was added to the headspace of the reactor to maintain a mole ratio with
respect to the ethylene concentration. At the end of the run, the
catalyst flow was stopped, ethylene was removed from the reactor, and
about 1000 ppm of IRGANOX™ 1010 anti-oxidant was then added to the

~20- .



Table 2 : o BLEND

DESI GNATI ON WO 99720691 * * A* Bt  PCT/US98/22399
D* [ S F G BLEND COMPCSI TI ON Pol yrmer A;
Type 1F[err] 1F[err] 1F[err] 1F[err]
1F[err] 1F[err] 1F[err] 1F[ er] Wt . percent

100 0 solufipn and THe polymé was iso}&ted from/Bhe soluffion. TheQfesulting

Pol ymer B; polymers were I¥fEated from solution by eikb£rdtkippingGiithl fteam in a
1Jerr] ve%gf l}:] by uselﬂ grégvolatlllzm QLEJuzdsr 1|i|ke{ﬁg case oﬁothe steam

Wt . percent 9 20
0 Fﬁ:l flﬁ%ﬁ’d tatern.a add:l.t:.on é'ocess.Lng was requ:.re in extrusion ECS-
SECS- 5. . _equipgegtito repure) resigpel moisture and anyynrepehiedepyrene. 0
0 5 1 0 5 5 .2 5
10 Ve Bdivrht Styrene Pressure \/BP’@F ri] Total NB[ r ] Polymer in
VB[ err] Ef%f‘%r ] 0% gl er'fie EB[ ¢rr] J Added ERTIES
Tlerr] (PA6)Jerr], ks | 1bs P2¥& | Psig - kea Y20C Grams - [ Hours “; Wt

rr oL.r ok P ercent
IIZEg ’ 1%:2),0 ; 35‘12"13%'1” EF I LTI BRETCEMLY Dk P70 I AN (M) W Tt WL N Y i}
Per i:ent PA. XT[err] SHWpld | I Melt | DbCalMeight | - Talc :sozaheim 33.6
31.3 3.5 --- ipgr qetr TP XEESE] Level |. Methady o 38.3 ---
--- 31.8 32.4 32.4 min MoEmer Netesa exanpl g of the
present invention. a |Pol yan; dgm on 65. b
Pol ypropyl ene. 5 C Esil Ngari. T d

POKS/EL etk ete, |
Tl[err] (PO is the nelt tenperature of the po1 yol efin phase enpl oyed as
polymer B. g, Sulfo@aueﬁr&:e@kawmsical(lszsfult;y of the pol yanm de phase

f Perc e.lrbt cr ySt aéagxé %zto\ée&)ljr Qg eﬂgiélﬁ%ldelﬂ%e DP@IS gulfhonaung EB?-lNEangl ?Lﬁ&d] dc'helo

h . Extrusion bl di spe
particles i nFh@RPenqa ReLlymer, SRl ¢isht W%B%‘?‘ﬁn Ry H 8§T]r°8ﬁxarﬁe(‘:r%%€6‘py
| nj ecti on Moiuwdéenaténgidaent. The ggagtinansaspspeningtehedthixOhnh afaZziropragle
and subsequendukyaiizeensed 10mL1df a 11510 theBhdric@gerLion ssauplies were then
fractured i nslﬁfsprma sﬂsenss 8NpdMRUEercent sultbiRE4E: f&,gcatdarlgﬂrgorpml REYe of
bal 1 2! U CALe o ATBNGH. "I O ATEOS B Al Ber 5o nerebdACRLey 00 500
el ectron ™ m rosc opérating at OB AYA i mage ana yS|s
was performa’d on a series of mcrographs to determ ne particle size
and particle size distribution. 20 _
F. Polyamide 6(PA6) (Nylon 6)
This polyamide 6 has a melting point of 222°C and a percent

20 crystallinity of 30 available from Allied Signal as Capron™ B207F.
G. Polypropylene (PP)

This polypropylene has a melting point of 165°C and a percent
crystallinity of 46 available from Himont Inc. as PP 6331.
H. Polyethylene (LLDPE)
25 This linear low density polyethylene has a density of 0.922 g/cc and
a melt flow rate of 1.00 g/10 min (ASTM D~1238, condition E, 190°C, and is

available from The Dow Chemical Company as Dowlex™ 2045A.

Properties of the polymers emploved as compatibilizers for other
polymers are given in Table 1.
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Tabl e 3 Bl end Desi gnati on

A* B* WO 9![/}0691 D* Ex = BLER"BUS98/22299
COVPCSI TI ON Pol yrmer A Type

1F[ err] 1F[ err] 1F[ err] 1F[ err] Wt .

70 75 75 75 75 75 per cent

Pol yner B; Type Table 1G[ err] 1d err] lgerr
1H err] m@r Poly 1styeame | Ethylene Octene Sulfgnation® | T30 | Tm® | CHEralli
20 25 Z'Ber pzecent Percent Percentper Cerﬁercent nicy
Pol yner C Wt. Mole We., T»’H&le We: | Mole |CWe: 1] ModeUp- 4C | °C -| Percent

1A 1 14.6 | 5.7 | 57.9 |Oh.3 ] 27.5 [010.0 | 0.12 | 2.7 |>45 [ 53 |0 12

ES-1 SES-t
5 5 {E0S-1} — ar NnL\%A 5 haacl

1
Dl 4
2 18. 7.2 PoE ol 33.5 | 8.5 | 0.18 | 3.9 J'™4p | 48 ]
MB[err] MB[frt] EE?@ = [err Jdd| tﬂ d
3

PROPERTI ES 1C | 48.3 | 20.1 [ RA . F%Pg%é'rerrth 0537 5-3 (.33 | 42¢. 213

0.24 0.25—0 75 X TerrT T 1026 5 23

5.02 5.36 ° a T? ree c{ } onatzzn was determined by elemenﬁféaqx]\f)éfits] 2 84 1.13
) t t
1.37 1572 ¢ ia8Dene yliBiLine melting oint. Derr] — 2. 96
t d h
288 328 . §o§§§§r§§§tﬂéﬁia¥£ﬁ212‘:15{:;é:ﬁf&“t.‘ﬁ:‘ﬁimwm Lﬁ%‘e;ﬁp?g‘;f he
pr esent | nvent i on. a Polyam de (Nylon 6) )

-23- 10 PREPARATION OF BLENDS b Pol ypr Opy| ene. ¢ Linear
Low Density Pol yedllepHend. various polymers wete Piepanednbei drpherthe polymers at
e Maxi mum dﬁlﬁﬁ'e.{[neé vac@um oven for afl 1e£41amz DcaRBtgHior to blending by lltr;gi-ea

vol une averaxgﬁeitpgf cll\etathgiiq;;eggrexgd& :{lﬁgo&)y measuring the particle si zé
qua

by scanning e ron mcroscopy an I'zing particle size. The vol une
average particle size was determ ned using the follow ng euation: Derr]
=[err] /¥%r rielshBiend[fethod js the dianeter of the ith particle. 10

h Dlerr]/nean. nbout 200 grams &f thkldiehd edflponents were first manubEXIy wsked

g: eng De ar;d then fed into a 250 cc Haake Buchler Mixer e-gagi:n.%réted at 260°C and D*
en Si gna 1 O lg
E* F e;ted at 60 rpm. F‘eedBE%ﬁﬁ W&Euﬁed\\ﬁulll rat:.on typica 8| took

about- 10 min. Once the melt temperature had reached 240°C, mixing was

20 continued for another 3 minutes such that the total residence time in the
mixer was about 13 min. The blend samples were reduced to fine particles
in a Wiley grinder.

Extrusion Blend Method

25 About 200 grams of the blend components were first manually mixed
and then fed at a rate of 2 lb/hour (0.9072 kg/hour} into a C. W.
Brabender l-inch (2.54-cm) counter-rotating twin screw extruder set at

260°C and run with a screw speed of 75 rpm. Material The extruded
blends were than pelletized for injection molding.
30 Properties of the various blends are given in Table 2.
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Type 1F[err] - 1F[err] 1F[err] 1F[err] 1F[ %Ex]mswgzm

1F[err] WO 99/20691 W . percent 70 75 75

75 90 ' Pol ynmer B; . Type

1 err] 1 err] 1 err] IHerr] 1Herr] 1H err]

Wt . per cent 30 20 20 25 20 20 0

Pol yner C Type - Table 2 ... E(-1 SEOS-1 --- ES-1
SES-1 SEOS— 2 WU . PET CENBLEND DESIGNATION O ) 0

5 5 1 * Pland Mt Hmdi* L c MBlarr] ENBerF] | G
MBlerr] . ERFESIostES orrl ERf e —ERe ]

PROPERTI ES Type Tens| |-e- nfbdsrl S 1r' 1 1F* i NPar* 1F
2620 2551 2@t BeaceRt 13304 1031q 70 2135 M diSsii el
MPa Age 5.8 -51| A |[53c% 54‘ 5 ©2. 4 1w6p e | we | -—
Yield Strai n, wt. pqx":cgnt e I-\ 1090 4 30 72 2 20 229 2041 20 0

per cent ol e - Fracturp Strless | gos-1 | sgos- | --- | 2¥PA | ses-1 | ssos-
46.9 52.4 4B.9ve- et 46,2 1 24,1 ©56. 55 51’ 0 El qngat i Onlzoat

6 59 8| ETena iidfinod T85O0 T0m Y B | ERaqt e, T PEr TNt
Fract ur e Ener fjsRorErrIEs J 091 1837 25952 5203
3073 4276 RIS (FA6) S, °C 223. --Dgnz&g.ur, -— -— 220.2 | 220.2 § 221.1 —_—
2.3 1.5 2§ P e S ST O 163D [ 2 —— e —— rZoq -Rpapt=—
J/i'm 7€ pZ x-r'QR A3o 2RQ -+ élah,z ¢—48-0—85 /I33.,_6 31.3 | 31.5 R
Dynatup, Max. Hiek oy [Ba T B9 — [ — [t 2n .t Haipe=2
60.3 69.4 5F7 ¥t abBamplelst the present invémtioNEl L DI €Nnd.

Ext rusi on bl erd. ggiyg';-‘;g;lgg““ - The data in Tables 3 and 4 show that the

sul fonat &d i nteer Mok Pensity rolyativieas a conpati bilizer for the bl end of
Nyl on with polypfmﬁayégggtgf AV e ‘QPE,_; IBTiér?B“Wet“‘H“?ﬂlaf SRATES

I nterpol yners fham::esm#ﬂstqgamtqymltaqr pelylefin phase and better toughness than
the bl engs wi tghobk-Stlifienat ed i nterpol ymers. For exanple, in the

Nyl on/ PP bl end the sanple with sulfonated interpolynme (blend O
shows smal | er neditbde angiees she PRP2p Ot PEIHexFed |leét1%e§h’é’r the blendafct ure
ener gy, and neaghssd bpxdcannirngoatkdtrobymatesrobest Ihfeatibh efoddédd 2ensile( Wi t hout
sul f onat ed igyeeimsyn&re) not chel1 widh! ¥ rakbr theddNehaNsutsPEdd8Pdimmersed ihhe

addi ti o 5Of 1%_'2&11{(? Q&E?tggelnnt Egaglgié/sngg:[‘g Qggr? %%B%Qﬁegeﬁ{‘ aP&% agylt%l}xsi%rg g\o?e

of LLDPE and i'ncreases t conpari son o

Bl end D and Be8A ?Ct“Fﬁem‘Eﬁ?HBb‘?gPﬁ 80 PRht B if’r?éfgrfﬁ‘i}‘pﬁ%a’aﬁcﬁxaﬂéneé‘ with a
conpat i bi | i Zétapuit Sre0Q scprnisg efleetrdny piedegacraul (FBHareerdtanrerasol § igr-

-24- Digital image analysis was performed on a series of micrographs to
determine particle size and particle size distribution.
20
Table 3
Blend Designation
A* | B* | C | D* | E* | F
BLEND COMPOSITION
Polymer A;
Type iF* i 1F* 1F 1F*
wt. 70 75 75 75 75 75
percent
Polymer B;
Type 1e® 16° e 1R° 1n® 18°
30 20 20 25 20 20
percent
Polymer C: .
Type ——— EOS-1 | SEOS-1 -——— ES-1 SES-1
wt. 0 5 5 0 5 5
percent
Blend MB* MB* MB* EB’ EB? EB?
Method .
PROPERTIES
Min. %, pm | 0.37 0.22 0.21 | 0.24 0.25 | 0.2§
Max.®, mm 10.46 5.23 5.02 5.36 6.43 5.83
Mean * 2.84 1.13 1.37 1.72 1.80 1.55
Dyg3 6.5 2.86 2.68 3.28 3.54 3.74
Polydisp, " | 2.29 2.53 1.96 1.91 1.97 | 2.41

* Not an example of the present invention.
a Polyamide (Nylon 6).

-23-—~



EXAMPLE 2 eparation of Etylene/Styrene Copol ynmer (52
nol e) percentwu@wmpljl Styrene) 5 Reactor Description P%/US%V%%Z2§9

single reactor used was a 6 gallon (22.7 L), oil jacketed, Aut ocl ave
continuously stirred tank reactor (CSTR). A magnetically coupl ed
agitator with Li ght ni ng’PA-SZO i mpel  ers provides the m xing. The

reactor ran liquid ftﬁi ea otgymsipﬁbﬁyétﬁy12,£5 kPa). Process flow was in the 10
bott om and out thedtqpnm gﬂwaer transfer oil was circulated through the
jacket ofsthe reacforye mra.eb%’fx'f&ee”sorre of the heat of reaction. After the
exit fromthe react!orghwas}l% : %C%mdifaMw frtgezained hatneammumdarfth@w saxed
sol ution density. Allaybiettosnaing Hoe 65t dooibintdTe b e ol o S E T C BT VAP Th

50 psi (344.7 kPa) st‘?ﬁmiah@mﬁsmem adis %dlmterﬁfcﬂzeelwterncle

Et hyl benzene sol vegt & postapl i ed to the mini-plant at 30 psig (207

kPa). The feed to thextsatsoblends neasured by a M cro-Mtion nmass flow
meter. A variable speed di aphragm purrp cpiLqlled the feed rate. At the 20
di scharge of the schgnL_punp_a side streamuas taken Tn pravide £l ush
flows for the cat al \]JcL i n| eci-ionll |*nn /: Blepd ?ﬂi-‘lma‘ 'ﬂnhr\\ and_tlhe
reactor agitator (( aﬁin'c% snm&ﬁ !\g,)3 RS [ TREsd B dwstwer ot Adasur ed

by differential prd4ssIR&E 4;1 OW NMEJET S [amd FomntT g ed 7oy Tanualy—adrst ment

of mcro-flow needlle \g"’geves Uni rhl;;bi tg? stysrereli’?o)rho;ger \A,IDE.‘S sugb‘pl ied to 25

the mni-plant at :kpowrl;rc\;LET kKfPer Hret-feedto—t actot \mé?-rreasur ed

by a M cro-Mtion rfasgyde ow et er. IGA vagi pbld gpeed dmaphnafgr

control led the feec—mq,fg—ﬁ%e—sﬁ%&—%—g-ﬁb&ﬁ%—mﬁ@ﬂeéd—w £h

remai ni ng solvent 4tream Et hyI er\e—-was=°§u ppei-eq to thelm ﬁ; { at 600
H u ooi ’Q 3 Q-l o

pS| g (4, 137 kPa) . Tmﬁ%llc 4 Ibﬁnl rﬁpﬁ'_ﬁoun w l.[_yEBM IVIE On rrass

30 flow neter ju{PRPPEKTEES O L Ne Resealch val ve comroritng fTow| A

=
-

gﬂr

%%

Br ooks fl ow mtrmsﬂleomqlcﬁ e was uSed tofdellver qydro eén 1 nto the
et hy| ene stred outl Afzserf i ﬂ%ll R ¢ AHE A3 ° IThe

et hyl ene/ hydr ogen Mpm Xture conbisres.e tsh.t Heszsol went)/ st yrjeger 4t r eam at
anbi ent tenper at ur ¢.¥ield stralfie [ EPBE gL eHee| 03-71 e33O0l VEenti|/ aongnes gs it
enters the reactor tﬁg ST ePPee—€ e E—hy—ir—exehanger—wHt h

sereeamoent as.ed dhe bmi_gm of the
Systiefmranc-# tjsisdliveérkt |f | ush
r—a-rei-f-feremt port t han

-5[err] C glycol .. thmp}aacket Ths.9 | sz.
reactor. The thr ee (ggggg cat al yst

al so enter the r eac-sw—ﬁi—ﬁﬁignhmtum

5.

Ju

t he nononer streanu Préparation afiéxHedas
&

[

8.

5
4

9

t tHar-otr .
37 1 25321 2051 3¢I3pdgAent 3756 ok pl ace
Q | dibutedsconppnent s (were lput in
0

4

rgeq fhe catalyst rgn_tanks in the
-+7L- 58-,-7.-.+ nﬁafpn 4@,‘-.(!.- Q«s.ﬁg-u- .-7?.;5..

in an inert atnosph&¥fBSEl ove box| ;The
nitrogen padded cyljrrdemeacand chy
process area. From % a —TaeS—i Cat-aryrst—rag—Pregstred up with
pi st on purrps and th S M [ loo.2 | oM L@_Q_EM wasg fl ow

meters. SThese stréar?‘é’léo‘?ﬂ?i“ﬁe W|th each ot her and the catal yst flush
sol vent just prior t&xéﬁ'fsr’ﬁntk?ﬁe(}ﬂgh a single injection 45 line into the
r eact or. The data in Tables 3 and 4 show that th@25sulfonated interpolymers

act as a compatibilizer for the blend of Nylon with polypropylene or

- 20 LLDPE. The blend with sulfonated interpolymers have small particular size
and better toughness than the blends without sulfonated interpolymers.
For example, in the Nylon/PP blend the sample with sulfonated interpolymer
{blend C) shows smaller mean diameter of PP particular size, higher
fracture energy, and higher maximum load in Dynatup test than blend A

25 (without sulfonated interpolymer). Similarly, in the Nylon LLPE blend,

the addition of sulfonated interpolymer reduces the mean particular size
of LLDPE and increases the maximum load in Dynatup test (comparison of
Blend D and Blend F). The unmodified interpolymer may also act as a
compatibilizer but it is less effective than sulfonated interpolymer
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Pol ymeri zati on was ‘stopped with the addition of catalyst kill (water

m xed with sdVOIBRE6IINt 0 t he reactor product |ine after the ni RCIUSIM2299
flow meter nmeasuring the solution density. Qther polynmer additives can be
added with the catalyst kill. A static mxer in the line provided 5

di spersion of the catalyst kill and additives in the reactor effluent
stream Thi sExaMeE@m2 next entered post reactor heaters that provide

addi ti onal eﬂ.erpgxpa‘zqeiédﬂ%@Jﬂ@:@m&@\éa&ogﬁg‘l} (gbl&.fkﬁ%@ 8&%5”%%%%%%
the effl uent™esk € posSt reactor

from 475 5|§ (3 275 kPa) dovvn to ~250mm of pressure absolute at the 10
react or p{) This flashed polyner entered a hot oil
j acket ed devol at |'1'hezemglAppafa@xmrmSedi wa85a fegsEin 0f2.7hB) voliatjdcretagr €

renmoved fromdiaelspel bfaf&rmhéhstlbestci%yé& abhtk lzéﬁétorﬂi'ésfﬁ?' atA lLg e%l:&lf,he top

f the d | d ket ed
Ce)xchaﬁge?voe%ughé&%r ﬁtam:? Wi trheﬂOEt'h\é@fn cgg%nse gﬁ%\g\ﬁ?% sﬁ%eaf“b’é agf 06'53’6615

gl ycol | ackete3S5p% SAP Jd‘ﬁﬁl%tfﬂér?é?/ ﬁ%?%‘he‘%% B2} onPressse| flo8ovamin il
st yrene Mer ebatsmm\eed $utofrne Herbotht beatofrdrnser asdevaandratlhyéenrnardbigimehe
top. The ethjdcrae ot tRARNEDIMEATHRGR Vbhd o@- MeCﬁ@adVQEimcHP&S fAfM!r”Eﬁ&r

and anal yzedeﬁci@r f:.foﬂnptges 'rteé&%ﬁg‘]&ea R UL l%tﬂ et[yreg\a%t I ls%ggd pglow <305
|

cal cul ation ofl | SS.(t)_.l sses In_t ven yrene stream

used to cal ctfl 5 Je°"t 8nsét s Sﬁ?/e?“sfﬂ?ﬁ ex”’TrFef plot fﬁé?tqareﬁ%ﬁeatté%FQ%wt—ﬁé
devol ati | i zet? ek @ﬂﬁﬂedﬁ’@htﬂm“t And i@snkatsdap to a ZSK-30 devol atili zing
vacuum ed& ruder. The dry polyner exits the extruder as a single strand.

This strand mwasea@l ed as it was pulled through a water bath. The excess
RS Do EAAdges (B0t L Sdi0d LEnS AN PIBREd LD 25
Enpl oyed kPa). The feed Po the reactor was -ﬁeﬁatmeﬁinpy aBH\‘%W?'M‘)thﬁ’ rf}ow
Conpound Co¥seundp variable speed diaphragm pump controlled the feed rBo#.OnATithe

Al /Tl 20 discharge of the solvent pump a side stream W it@ken B3Ip:Rvide fiush

Type 1[err] fiows leo2bire catraiQsd N
di et hyl (N ( 11 di met hyl et gljg mji‘:tcilmgrefﬁ)z ]hzl)f 20349 K8/h0 4] the
1,5,6,7-tet rgﬁcEPr agt % 6 r 4 %g/ These 'flows wereée meaR%;é&d( or
Dat a by dlfferential RRrgspee Flowspptars and CEDHRAIAAG by miyd- adiSspReTe

Vent of micro-flow ndegiip. valves. Phinhibited stFi"eﬂw monom@gesks supplEk@Wo
Conv. 25 the mini~plant at 30 psig (207 kPa) The feed to the reﬂtgw was measured

g grz] C - gw;g A&gégtrmlt?é,h';nabg/f@aw; '§/mjl$§fe —_— Elaphragm oo ESTﬁe

resul t ant etcﬁng g?%t Feﬁeee i Ft%Sr poﬁ'Vn’E?yrEBﬁts&Fﬁ%‘EF §9S pigpd with theer cent
(22.9 nol e pféF‘E%é’r’rP?s*’t"W’é‘Pfe strefma| )Ethgler@ wes spepliedt t¢ 2PeOuimptplant at 600
percent) inpshe (4Al%T xBhynelhe bthflenpedizenth valkatddsaredlbysi wleB&Mo%:LBiel,,tassS

I ndex, Isber rhowimeted 538€ Aot [+@F fid RESLI LR Al1kE &Int?oﬁ:.ng flow. B Br oks
Sul fonat I on ‘QLW %994M£rollers was used to deliver hydrogen into the ethylene
stream at the outlet of the ethylene control valve. The ethylene/hydrogen
mixture combines with the solvent/styrene stream at ambient temperature.
The temperature of the. solvent/monomer as it enters the reactor was
35 dropped to ~5 °C by an exchanger with -5°C glycol on the jacket. This
stream entered the bottom of the reactor. The three component catalyst
~ system and its solvent flush also enter the reactor at the bottom but
.. through a different port than the monomer stream. Préparation of the
catalyst components took place :Lh an inert atmosphere glove box. The
40 diluted components were put in nitrogen padded cylinders and charged to
the catalyst run tanks in the process area. From these run tanks the
catalyst was pressured up with piston pumps and the flow was measured with
Micro-Motion mass flow meters. These streams combine with each other and

the catalyst flush solvent just prior to entry through a single injection
45 line into the reactor.
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1. No Sul fona}j ercent sul fonation 2. 0.37 w.
ul't ongl s 8adeds P u  on) (%?r&fs%mm

sul fonation 100.0 g of ethyl ene-styrene copol yner

percent styrene, 1.0 M) prepared in (A above was dissolved in 600 nL
of 1,2-dichloroethane 5 in a 1000-nmL 4-neck flask equipped with a '
rrechanl cal stirrer, reflux condenser, and a _thernocouple. The m xture

was heated to GO[RLVIEIFBILcR was StARREASWith Fiie APRItIPP 1 He SRALYRErkid: sEBIESRA.
I n a separ atndxpd akh ski@emy) dhto the niactdropoediehnkingbthercthe Bicyrmptionmt )
and 8.7 g offiagaidter aidaydfirndetid sOBfion denBDty. (MR SdyneEraaditved. cabhBe

sol ution was, E&’lvﬂq}u'{h Qaéa(i9si\.’v5kt1§i bat foacld nigpd 5 Ege qan&%semeaat ed

sul furic aci E’Eﬁlﬁfﬁ%'ﬂol‘)\& apﬁ];h; g@g‘d ?Cg a&nﬂ:let:.ves lndf’%%&ﬁ@%t r e.ul.gluent The

acetyl suolfaté

et hyl ene- st yateaampolhife SEERAMURS XN eRFRT e IRPSHI 3G2GFer herFRIE PhAtpPEeVide  and

then brown. adagtichacteregwarSthid E€ledt feDpedl [fCadtor Philsoflash occdlirred as

f 223 vei ahtnPeFHaBhe %':LH&D%B& gmstfreaetor heat}taea&aﬁ.rﬁ% Q;rgsa%urﬁa?ﬁarsgp%)duseg
or was e e cetic_anhydri e) an
11. 3g concen rﬁt‘g% gu’ﬁ\‘,\ﬁgi £c75a(Z:Pa down ¢ ~2f8 o ?re)ssx agsc’l ge H ttEP

sul f onati%n Te8§E?4 BRESSUFRCRENDY ARE %t | Hﬁszélas\m &9&“‘?3% ﬁ’é’berég ﬂé@&r?’i}ed in

part C usi ngjatietgl (€vd)BSilimeke) Appraziimgtely 85 pertemtectlithy drodabileAl dexech) .

4. 3.2 wei ghtenp®éL @Rbm &ubfpm@rhéprin the devolatilfiz6r SamRe ploRsEivEee:ds YIRS tused

for 2 vas ey oede, DOURYEIerd5 0 Ofresn wa@cgéad%ng;uﬂxqg flen (P g39.410L £, A d

22.6 of concentrat i c ac|
Sui fonati on PEARIGN. entfﬁ%j ULCRELG, 22 o Lkl i) TG ReG D e

in part ¢ usiiygoBE20k¢0 sebvems| ®)d styrenpfethyleneygerarpeieft N§eedt eSolvent and(,
Conver si on tSftyZérliE: weed trei@ved from tKé bertdmhef Stlef okl oandr etotiens frBy s

gorrpl Iet ed 49 1@ %Ze?]e stB®dn wof néh%eacﬁ.ttﬁ}] £ bﬁb?&-ﬂi/fo@iéh Gnéwrme@)metev
| SSOl ve i n wa
a%i yg%%:nf?g éioglgos:.t‘on %‘Pe m%?gure-lll_\ gt 'F% ‘%nt?cg ett'ﬁ%P&% %\3

and was stirted was® rem)ved
from the heafalcuiffirhet pB‘I‘?ﬁé?“l"edv?ésss?ssdPa‘f’?dS?/’r"énbfﬁ:é’Fﬁ?et SEFAT FFOM
met hanol20 n weRird vglBllenelcthe iyl cpudermien.wathd poldtesdsepadayess hedhe
repeat edly vadvblamlhadiolas plRged@hy WEkh a gedBuib |doeh ezbxaBE ddirb Bt il fizidhg
vacuum oven alu8 fecf@er?4 MQUES, polymer exits cYRM é:@&i-%u@f geeé tdi 881 MVBE Lana.
det er m ned o,EI]nnt he un ul fonatleg S OQQI

te
copol yners. was_coo a.fa%l.}.ﬁeg through a wa%: er bar]:% he excess

e resu tsare givenin
-27- water was blown from the strand with air and the strand was chopped into

25 pellets with a strand chopper.’

Catalysts Employed
Titanium Boron MMAO-
Compound | Compound®b
Boron/Ti | Al/TI

Ratio Ratio
Type1s 1.25:1 10:1

a dimethyl [N-(1, l-dimethylethyl)-1,1l-dimethyl-1-{(1,2,3,4,5-.eta.)~-
1,5,6,7-tetrahydro-3-phenyl-s-

30 Reactor Data
Reactor |} Solv, Ethylene Hydr- Styrene Vent
Temp. Flow Flow ogen Flow Conv.
: Flow
°C Ib/hr |kg/hr|Ib/hr | kg/hr | SCCM | Ib/hr | kg/hr %
ES-2 86.4 283 1284 | 25 1.13 17 105 | 476 924

The resultant ethylene/styrene interpolymer contained 52.4 wt.
percént {22.9 mole percent)styrene (total); 52.0 wt. percent (22.6 mole
percent) in the interpolymer; 1 wt. percent atactic polystyrene; a melt

35 index, I, of 1.0 and an I;¢/I, ratio of 7.5.

B. Sulfonation of Copolymer

26~



Table 5 Run Sul fonati on UST[ err]

Tgll er rL

wt. percent WO?W’Q}" ( DSC) CT/US98/22299
[err]C [err]C 20[err]C 180[err]C 1>

0 41 -13.2 5 X 1 x 10[err] : 2
0. 37 102 -13.1 6 x 10[err] 1 x 10[err]

3 2.3 1. No Sulfppation (0 perceng sulfonatmnio[ err] 2 x 10[err]

4 3.2 2. 0.37 »#Q(Qpercen® Rlfguakiidherr | 1 x10[err]

* Not an exanpl e 10b. § REoPr @59 dne-BMaRhE Ubpolymer (5B wiNerobd sWBE&HAl 1.0
percent of %Hl f%@%&i‘@cﬂ J.ExJ &q %Jv]el_uaaé ’&;LP&v@QW %Oé%fbdQE e.l.r Tdqug:% J\.[oe)%hané/

fl uorescence. £ ervice

t her nonecharPcal 109RaM drae Cka@Sasgq"ﬁPBﬁgl“‘r‘FBrF nechanical sttéﬁ’ffér'afir"rlé’x

det er mi ned Ippndérsesr eandi al thseranelple .cafly mAvtyng, was heated]tyeCnEame t he
intensity ofhohbe uhgil raansés ithe pragmércdusalved gNithi £ 3epanateOfPRkEddoOmL of

the unsul f0%&§ﬁ£’ox%@%n% (Aﬂd@mn, 99 peréénéhgx\ﬁ' g.h %%1}' chilctilﬁayék%fe 58! 4e3 Of

t he sul fonate 3/ subst ant | i ncrease

ene/styre ners s
in heat resi™ én@édmh’ yeie af"r’ffé‘ qiehﬁg]dﬁéﬁ? 6fiat% go’I ABLCeTHR" Fppath-

sur f ace 1Penpeda? 1P9eof é@ncen"—raﬁf@a§&¥%ﬁlﬁyaqlﬁe(°c Efpemet el eagpiritedhdrarvise TVA
probe shows ta peneblatioon The acetyll MMlfateC sehsdsn SwlsStiznt aadiddy topoie

sul f onat i on.q; I8 BreliNEiRBSKe-8L Y ANE Fymet NR181 OB @de RRKYARS SulRedButisRd
in hi gh heat gl %%ogfgwnappl’hlecféatcgg&t was stJ.Irec} Q@%O{E%ﬁ:‘ SE%” e i's further
0

i ndi cat ed by "The conpari son dés for thée po yrrers at
20[err] C and 180[err]C. The unsul fonated pol ymer di spl ays a
signifiadant drop in nodul us upon increasing the tenperature from

20[err] C to 189| er.s] keiohhideRcédie sslidn@tddned i ononmers show little decr ease

in 20 | at eau U re l.e Ri o
5 oo " e BRSO 86 LR S sl s 08

percent. Th&SETic anhy r’r%? Q- T P2 T d@“F?Ptﬁfaf%éﬁlmﬁl ﬁ%ldconpar ed
to the unsulPohdtesole) wergpnped inyidie subAgratips reaaraeni nfhevientmlizatidne

t enper atar e waeSpexifanoei as déScridedaitplper ¢ usingReaOgoN 0 MBST rmglie) OSE zinc

The singl e rygagiQr dﬂ%ﬁﬂaﬂ@&;\@dﬁcﬁﬂ' lon (22.7 L), oil jacketed,

Aut ocl ave contjnuoysly stirred t u reactor (CSTR). A magnetically

coupl ed agitat |l ers provides the m xi n% The 30
reactor ran |iquitd®ftime %ﬁ“&?‘S‘epEF g'3E3uEAS IRPY) Was srptaed: fAPRVERE S A9 tfe
bott om and @&getihenbyiridd Redd melensndr2dit| 9 viefs cenqepbfateddsuifugiglactibe
jacket @b the.zrEaebDs) Word @EBY &nSEHE seifdnlaeuheaba@‘mheaahiaoﬁhutﬁéi.ﬁath&e

exit fromt fassrfa%pmeqmw Rs0l A bap: fd QW AEseo thats FBASULEd, fi.ow and

sol ution denm% Al dydrLfles on the exit of the reactor were traced w th 35
50 psi (344 ae) lf am and i nsul at ed. : Procedure

Et hyl benzene sol vent was supplied at 30 psig (207 kPa). The feed to

t he react or SapSonveasigneto [Bing Pelitr o- Mbtion nass flow nmeter. A variable 40

speed disaphr agm pigegr castsulbeatibheebeetbn’ @ L was Alombhétd)i schaggeo afest he
sol vent punpod) Siede: St LEAD:LES: R,akaee; 91&39»13 dﬁsééﬂ,aa {d @¥snf QF Adl%ano1

?g‘tB_al yst | njw%(s:t Icf?:{edI I q‘%e (soluit:)/ o t&rneé whl%ebr r)d vaiansds 1rre%eg'gt6%r aj.go A %or

minutes longer. The solution was removed from the heat, and the polymer
was_iéolated via precipitation from methanol in a Waring Blender. The
35 polymer was isolated and washed repeatedly with methanol. The polymer
‘was filtered and dried in a vacuum oven at 80 °C for 24 hours.
Various properties were determined on the ﬁnsulfonated copolymer and
the sulfonated copolymers. The results are given in Table 5.
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(0.75 Ib/hr (4 /hr)). These flows were measured by diffepgn
pressure flow %gé?%gand controll ed by manual adjustnent of m cro;lﬁ%/22299

needl e val ves. Uninhibited styrene nonomer was supplied at 30 psig (207
kPa). The feed to the reactor was neasured by a Mcro-Mtion nmass flow 5
meter. A variable speed di aphragm punp AL rd rolled the feed rate. The
styrene streams was_nixed with the renaining %ol vent stream FEthyl ene was
supplied at 600 pgi ¥ 131!%’*?\’4"& ThEsTat hy|l enefsst r edm was - n¥asur ed Dy a
M cro- Moti on nass {f | ow é’F”"i‘*ﬂ t prﬁ'@’ tg thénrésea:r—e-ga-;\éa-l—ﬁe-iﬁgy%t-ml ling

flow. A Brooks fl quryeeter egntr-ottet Sresesetied .5?:106.,»{&31,01 nto 10
the et hyl ene stregmatittegomt et of T gthytge comg o ow fve Tos1e

et hyl ene/ hydr ogen [TTRTUTE GOBDINGS WL¥E L NE SORVENTUT|SI W ebe| X keoh at
ambi ent tenperaturfe.d The {enperatjur &80 { Ne2sOlwea@nt/NDRoreT | dsxl 10’'ept ers

t he reactor was mht eQuple 055 ecpre @tb vartiex.changer wth -5l err|C gl ycol
on the j ackefe s t,,%“@'ﬁ%ea BAt &PER tl‘ﬂ‘e"ﬁ?ff”t Shi5Fs2t e °f 8xEroree bT HE*¥hr ee
15 conponent & re(detdrgingtnby ehatmofidcpgita histysent @ Gldsk @ ranexgdnOr

atpad d ;
at " "The Dot § BT el LRl PP MNP oneeS «Shrend)

Preparation of t%euw%ﬂahaystsae@ﬁponents took place in an inert atnosphere

gl ove bogy The di jyt, ﬁgwqup%q@tss § aRY5ah P, el (0080 RAddgH cy! i nders

and charged t é n t'anks 1n rqQcess area om these run
20 tanks th‘éo@’ F’a? PEYE &Weﬂh%avﬁ‘{bﬁt HEbsaRS Ahdepher Tl atRRREs
measur ed wi t Felptéve t%th%ﬁﬂ%@ﬂ#ﬂedwmews Thappes spetace tampbiF@Ire) t 45
each ot her anchstihed oat aley sendferisiresoparcnhighlushie [TMA @rob® sBiBlis \a blietighich

single |'” eCBf‘lﬁMllﬂﬁ%réJyéQ Qdy§t£ﬁ¥igify'upon sulfonatlod30|fﬂyériﬁgyékgg a¥338us
st opped wi th the addi ;:e f cat al yst KLI] h saql vent)

into the reactor” Ion TR Cer theACF o?m?‘eat elasmmf’f "’WP Terons
measuri ng th"éh%BFﬁ"t |r6ﬁ1ﬁé‘ﬁ§? t"}?. fynther ipgisaver Ryddhe icoBRardSRR |9 the G added
with the catwdipes fdxl the fodymers catn2X€r andh 18076 . | iThe prsoviceded polymkisper si on
of the catal ¥sdp1kid la anghiadelinki ¥0% i mbb@.tfsea&;noﬁ.n&feggwtthe tempSdat Q@M
This st ream ! fﬂét &4 %o*&osx&}ll?a&t OEuﬂ?ﬁE@erdfsf, Jlﬁ%r?rs%w t§9e dag;g%a}.'s'eogr?l

ener gy fo ent_renova occurre

ef f 1 uent *%xi ?Jea&ef"ﬁémﬂﬁls"ts r edtet B?s“hBﬁ‘iféFr%&eY?fe°6r%’sl§ﬂ?aé°l\ﬂ}asf°éfrB'?fpeﬂ high
from 475 psipeat3eEmsoren prebigatiqns- 25 Grtwesh Pr9sdrd Salsobetaenat tThese
react or pressanp@esahbralitvbd CRangehis fihashiedoqahyn@mpericcretha Bdul@bhated
jacketed develmplik] iye@rshotPPiRX efdhe! pSavdiRhe ol cf cbhferuebAl LLessURLE. 35
renoved fromthe polymer in the devolatilizer. The volatiles exit the top
of the devolatilizer. The stream was condensed and with a glycol jacketed
exchange?, e?ﬁaé‘Péﬁathe suction of a vacuum punp and was di scharged to a

gl ycol | ackeReaggbydescuimtien yrene/ et hyl ene separation vessel. Solvent and
styrene were renomedsidiqun thecbptilsednat 4 hegyassel2andigt byl gaexddean t he 40

top. The etﬂwoemsvesksﬁammy SULeda tﬁaaétoM %aR'Vbt 100, JRS${1,0w neter

and analyzed for onposi tion nt vente et ene p us a
~cal cul atj on Of'P tlﬁg LSSV EE ﬁ’s‘g‘églqgng %@Eé‘m@éﬁﬁ ?f?/‘F’éiﬁé ‘é’t o B Rer & e
used to thl cifaster t‘ﬁé Hrje e‘ﬁ‘gl EnéEr 858N . CThEY pBrynefraseparidersdiasnin Hae
devol ati | i zepotkas andnped theittops t A heafesrampdap id easZBKe30atkel ohaduchi ghag

-29- jacket of the reactor to remove some of the heat of reaction. After the

axit from the reactor was a micromotion flow meter that measured flow and
solution density. All lines on the exit of the reactor were traced with
35 30 psi (344.7 kPa) steam and insulated.

Procedure
Ethylbenzene solvent was supplied at 30 psig (207 kPa). The feed to
the reactor was measured by a Micro-Motion mass flow meter. A variable
40 speed diaphragm pump controlled the feed rate. At the discharge of the
solvent pump a side stream was taken to provide flush flows for the
catalyst injection line (1 1lb/hr (0.45 kg/hr)) and the reactor agitator
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vacuum extruder. The dry polyner exits the extruder as a single strand.
This strand W99886ed as it was pulled through a water bath. PER&Y ASay/22292
wat er was blown fromthe strand with air and the strand was chopped into

pellets with a strand chopper. 5 Cat al ysts
Enpl oyed Titanium Boron Conpound
MVAQe (0.75 1b/hr ( 0.34 kg/hr)). These flgygptirrfdmeasured by differential

Type TypgessuBoralbdimetdkd Bhd controlled by manual adjustment of micro-flow

Rati o Rat jQdle vaives. Uninhibited styrene hotiomer was sépp2fiéd at 30 psid [ &oA]

i g}l i‘ 163-81) The feed to the reactor was xlt%esas%reéb‘[b%rr]MJ.cro-MotJ.o'\ mass floI [err]

di met hyl§ Npq_tef:dﬁrérﬁﬁmbéfhﬁaefdldlfpmm RyAR. gontrpldeds the cfeedizate. | Heg 7.
t et r ahydr o- Styieeaydtrsanndas arixéd yish| ehearemeindf spiignt s¥rteani ulthylene was
b bis-hydroggnatedt gdd @vad kyl 13ekby) amiRdicdAylene stream was measured by a

tetraki S( peﬂi&"o‘-%&%ﬂ%' gfcfu ﬁ&t.eer &9%11 Dr.i_,or to h% R fﬂfx)agg ce){ltérOlllng

met hyl al um noXxane_ conmer ci rom Al

avdl
d tris( penf Y-uob (ﬁfﬁg’fﬁllf B%rnéﬁ%r /contyaqllers was used to de
React or 1@at ghe ethylene stream at the ouRbefcfrthe eiduilgne controlpwplmeeneThe Hydr -

iver hydrogen into

Styrene ethﬂeﬂé/hydrogen mixture combines WEfWDthe solvéiltOdtyrene strebhQw

ogen FLMent tempgpnﬂz\(lre. The temperature of the solvent/monomer as it ent

Fl ow th t was dro%ertt_ ~5 °C g Ihr hrer!' b, Q% co thb/ hr
kg/ hr e gpactor wa 93 §a“e" Fpoer 14 2féy %@ ©3.2

21.0 10.5 jackgys.9This stream ent@@d/the bott@gof thepgeaprtoy. oGhe xhxge 1. 13
17.0 101% borponentO2aPBlyst system and Ifie seltepkefinlsat yrsenentieant eipakyomzsabad

the fol | ow PRk QEQP&'J B{n.esthrou h a different port than t§Eyrﬁcﬁeﬁéz.ersH:eam

Et hyl ene[ er E’l of al aPgl.et Den
th t k pl €

Per.cent erpcaraiflon gt g gata ylt components'v%oo [piass in ferr moTpnere

[err] glove box. The dJ.l%'ted CORgOneRts weng) put :Weflbtfﬁogen mfjg’ cﬁ)‘i‘,’tders

[[err] and charged to the ‘catalyst run tanks in the procemsr ge§®. From these run

perce 20 tanks the catalyst was pressured up with piston pumps and thdéltflow was
ES-3 7aeas%4:ed w:.%g M:Lcré-gviotlon mass 3flow mete;.gs Tges%g streaqns comblne 8»1%5

52 22.6 95 .
of corrponenfagh g’é FoPY%rd t?’e ALYy ff%lﬁ%huﬁfl ts1Y3 Eteﬁremrnzcdeng iR thm‘ight
anmount of sﬁw%ﬁel’ﬂ?cg’c%{’ctlf-’te FBFYy $herespetor- c anount of atactic

pol ystyrene i n pdblsmerizeatporvapr ooppped with theBadBykémrdt ¢onrlpft KE1B (water
200. 0 gpsnemOfedEl trpebl®ing) (b 1Y k6dtopeddoahse diAMdsleNaihghticibilotion 1.5

gtﬂy'r gncei ' Al B Qbe AN nEL el S&q_fnété’JlﬁgﬁozPQQQé:)é?‘?r bk adolgnn@c Zadﬁ%ggslr%tnob%
1,000 ni, 4"“?\%&8 ‘?C*héée cééﬁf‘f%n %rt%éséa aé’aem*h !E %"sl% gt eel
mechani cal §%$Ffe|r'é¥°n af pressifd vefadkdel andt sdifbyas &p %{Wdr%ﬁFteﬁtqféllu?ert

whi ch i s costmated Thds astrasningkyantaretd postd reddverr Betteronthast proyidas 30

fl ushed3gv t Badbich b BneddyEBod khiaD1 QMRC Haheid1t £1240. t Oihlis fllalha)o'i:ﬁﬁﬁe_!cﬁtag

gl ass Vesseéhe %fgﬁa%]%rgﬁ%ds&' U{sés‘%”rgafct%% g‘dgr Wl fﬁr(e a% 3 lf-Q dsNafdddea9en

was prepare trioxid ene umn
prep rom 495 psig (3,275 kPa) ctown tog~2 essure ab lute atgthe

reactor pressure control valve. Thls flashed polymer entered a hot oil
jacketed devolatilizer. Approximately 85 percent of the volatiles were

35 removed from the polymer in the devolatilizer. The volatiles exit the top
of the devolatilizer. The stream was condensed and with a glycol jacketed
exchanger, entered the suction of a vacuum pump and was discharged to a
glycol jacket solvent and styrene/ethjlene separation vessel. Solvent and
styrene were removed from the bottom of the vessel and ethylene from the

40 top. The ethylene stream was measured with a Micro-Motion mass flow meter
and analyzed for composition. The measurement of vented ethylene plus a
calculation of the dissolved gasses in the solvent/styrene stream were
used to calculate the ethylene conversion. The polymer separated in the
devolatilizer was pumped out with a gear pump to a ZSK-30 devolatilizing
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sul furic aci

95[err] C, an\Yoc"BPP&!
-30-

ercent O eum purchased from Al drich Chem c
ting the sulfur trioxide vapor that is pr
mechani cal stirrer
and run at sufficient rate such that rapid turnover of the polymer
pell ets was achi eved. The sul fur trioxide/nitrogen m xture was
slowly trangaesmeextzyder. Thedry RedyiesneXidet Fre PREFUREF A AgsYABUYIT2ad:
needl e val venidiskearnad @oblgt ab it wdme publedr tiproegl v @ater bhth.edd iegress

vessel . I nwgtgxs wEX HIBIE £rbRGnS Udtfrdhd with dikl &hd EBe Be¥ind Qa¥ashopp&l ihbd O

Yo

the reaction m xture unti mmol ) of sul fur trioxide had
been del i vepég{etﬁ\f‘f%h aas(fr??%ﬁg%ﬁlp(e?he sul fur trioxi de the reaction
was stirfed for 1 minut g mpioyeter evacuat ed.
Fol | owi ng evacuati on of jthe cha 8 : de s%ﬂ"f"&?&‘ﬂ’%‘ﬂ‘dEclmW pellets were
fl ushed repeat edl y wi t h [ni t rogen | 7P e—Netteat ..f.dtl n ¢f Sul f onat ed
ES-3 fromB he pellets Plpf)m exa?r?ﬁl € %P o Qﬁ%uirm | zed by
bl eedi ng ammoni a g9gs .1 ytlc CRAC Tt Tl Tgacs 191 [CIETogr . Thi s was
acconpl i shed by 15 ev =s_4.g trive—eactog VeSS .‘41LU ?{g—h rr follow ng
sul fonation. Then SRR he—t-eaet+t on chanber

until a pressure en ébehtiin-(1, 1-d51®;0_w%3§¥vr11 Thelsd B!én\cgg (E'arfggtéxc’e&é of.
ammoni @) The neyt r ST aE At Sovakvt AbokyRirheARAOL Srak B dn B TobopraBa or fe.
secondsot he charrteceram@:ﬁedenaewammt ongurgiaily availablf fransAkecNobat s MMAPEA-Ogen. The
SO err]NH err] corft eFfis BRI Ry IR I8t s was 20  deternined by x-ray
fluorescence and was found to be 2200 ppm D. Sul fonation and

in the reaction kettle was started .

Neutralizatio

n of ES-3

(ES-3: 72 wei ght percent

In this exanple,

200 grans of ESI

pellets

St yr eneReagteieilgkd percent aPS, 1.0 I[err] M)

wer e sul fonatfetdaS OESTRea%d || 1T Solv. e<arm8‘mg fend Ul | UT'Venk | OKi de
m xture was Hl ed into | henipedc tip:aw25 chagber trgéd | 0. Z@ew(2. p weR.) had
been deliverdqd. This panple neutralizeflFwwt i _anmoni a_ps descr| bed
in exanple 3¢ The SO prridN NH[ elbnjr &g/t EBY hr | kg/ho} SCdd | BZhr pld/hel s vias
determ ned by X-Egy TT{loTppcencA gnBevie180UNER L 3.2 | AA® p10.5p0pmM96.9730

E. Sul fonati mﬁm b@H [0129-p248 | 113 | 17.0 | NosN| $.8Xpnpkes 2P0
grams of ESI S ESA 52wt g peTr Tent sSTyTene, I.U Werl gnt

percent aPS, 1.0rthg ed’tlh](léﬂe)’sﬂﬁfeEe Siusk & xpva st sasadieperidigoking prqplere;@mpl e

3B. This samﬂ_ms neutralized with ammnia as descrihed | exanpl e
3C. The SO efr] NH err] | comrens® ¢ELERereS @%?jigt s af@is cPéf‘ernﬂFg‘eex by X1 4y
35 fluoresfence and wa&¥Shd |t B1E"12005 w0l n2
Wt mol |wt. | Mol | weight | weigh | g/cc I,
percent t
perce
. ) ’ nt
ES-3 72 41 28 59 73 3 0.99 1.0 8.95
ES-4 52 22.6 | 48 | 77.4 52.4 1 0.95 1.0 7.61
a amount of component in copolymer.
20 b amount of styrene in copolymer + the amount of styrene in atactic polystyrene.
c amount of atactic polystyrene in polymerization product.
B. Sulfonation of ES-3
200.0 grams of ESI pellets (cylindrical pellets 3 mm in height and
25 1.5 mm in diameter of an ethyléne/styrene copolymer containing 72 percent

Styrene with 3 percent aPS and having a 1.0 I, MI) were loaded into a

1,000 mL, 4-neck glass reaction kettle equipped with a stainless steel
~mechanical stirrer, a pressuré gauge, a thermometer and an outlet port
” which is connected to a vacuum/gas manifold. The reaction kettle was

30 In a separate

flushed with nitrogen, then it was evacuated to 25 torr.
glass vessel, a 20 percent solution of gaseous sulfur trioxide in nitrogen
was prepared. The sulfur trioxide was generated by heating fuming

sulfuric acid (30 percent Oleum-purchased from Aldrich Chemical Co) to
95°C, and collecting the sulfur trioxide vapor that is produced. The
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-31- * F. Sulfonation and Neutralization of ES-3 In
this exanpl e, WO920%ns of ESI pellets (ES-3 72 wei ght percent PCT/US98/322%%
3 weight percent aPS, 1.0 I[err] M) were sulfonated as described in
exanpl e 3B except the sulfur trioxide mxture was bled into the reaction 5
chanber until 0.20g (2.5 nmmol) had been delivered. Follow ng sulfonation,
-t he un- neut r m¢dhapicglebtarerway she enepoeihnf ketithleheasr ebattiednarchawbert and
poured into sufdesalturats saéh ZhBE rABEd Augnéver\ef @he NilvREr 3R15&G0RLS, the

pellets are ﬁ'egwd byhé s £t EPﬂ)x@QQ/nq.EL iﬂlﬁuxg%mpo\a&g frmgfe,égﬁz%

content of t eter X-ra | uor escence and

found to be ¥%dIppHIo" ket%ltv"éu'f'?tﬁﬁérﬂq i T\Ié't?fefiﬁ‘? i"24¥ ofib7 meritpring
In this ekanpte Vap@OPEesamseofn LB ysartionsvesssly: Ip2thisi granpder ddwet sulfur
styrene, 3 wetightdpengenie akdSbldd Gnkb )thecreacklibl aiatwmt astidescsdgbed.dsn 15
eﬁagl e 3Bt FAAG P tsh@fwcmxlhén@al Q@enrrgﬁl%@ea»asAPé&daa&taom% E£AGhH Bl
chanber unti een ered

neutral i zed Lr’toﬁlgg (:ge rermPl was sgﬁn 5 g?(r + o uge h;f’ﬁg %ﬁ 5?7‘1%?{‘ PPfer
cont ent wast ef’?Fé‘aES‘I’ p@P*W&“MaE&%Pmﬁeﬁh%fhim‘?%y FheuspEEEened E8Ad

was fountpP t opellets heré6fiyshed 26peatedly withenibkepdni.ng t endency of vari ous
sanpl es were investigated using the pellet blocking nethod descri bed

e 1 S AT o Sbropuceg 51kl I 1200 Soect oLy

M nerals Inc and shaken in a 250 nL
glass jar.. SurfdR8 REH-FOHAEPDF ° 3B e opeutralized iy PLesfipg 3wQnte t he
bl ocki ng t eng&néptofthe Ryagwitederegssipeichbamidsy. This wasThecompdisites! bye gi ven
i n Tabl e1%6. evacuating the reaction vessel to 25 torr followinglablfnBtion. Then

Sanpl e ) Aﬁméﬂla cbfas was bled J.nto the ra@UUrS chamber untJ.l a pressure on about
g)ggf;ﬁe:’ n_ 500 I;-LMO r'.srel: d (large Qxces-sr Jﬁcamko 9&“ %‘ge neutralizatiocn is
Per cent instantaneous, and aftervgcbout rﬁ)pécondﬁprﬁhe chagber is re-evaﬁmﬁed ang p
kg flushed with nitrogen. The SO;NH,* contenip@ifcehe ESI pellets was

nt . 20  dete¥Aif¥debyP G-ray #2uorestdnce 3BdGas £buhd to NE[ £400] ppr000 6.4
342 4 D. SUB?&Ha‘:.%}‘?-taﬁd Nezgralizéi:.lion fQ'.S-3 0 T 2000 >100

-3 12 - . 1 .. 610 0. 037
NH err] 5000 - 3."?8“5_ §eagple, 200 gransQf figt Pedpets ‘5%’%' 72 JEISh9ETCRP029
Zn[err] 5008tYrene.3 3 wgight percent aPS, 1Ry HPHnieee su¥Ponatedias described ing
R 5000 ef@ple 3B3. ¢xcept the sulfugd tEFoBide mixture was bled into the reaction

25 chamber until 0.20g (2.5 mmol) had been delivered. This sample was
neutralized with ammonia as described in example 3C. The SO3NH,” content
of the ESI pellets was determined by x-ray fluorescence and was found to
be 610 ppm.

30 E. Sulfonation and Neutralization of ES-4

In this example, 200 grams of ESI pellets (ES-4 52 weight percent
styrene, 1.0 weight percent aP5, 1.0 I, MI) were sulfonated as described
in example 3B. This sample was neutralized with ammonia as described in
example 3C. The SO3;NH," content of the ESI pellets was determined by x-ray

35 fluorescence and was found to be 1200 ppm.
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Exampl e 3E 23 1200 0.063 NHerr] 5000 7.2

unsul f onat e w°592’2 9153 0 NH err] 5000 >100 g‘i@ﬁgmn”
d ES-4 * Not an exanple of the present invention.

Mol e percent of the nmer units containing a -SOerr] Merr] group in total
pol ymer. 30 . The data N TabI e 6_shows that surface sulfonation
can be used E:gSulfona cy of polymer pellets.

-32- In tBAAteEmPYngRe0 [grams oEnkik gellets (ES-3 Tghpeightepercent

wettability &fyr&;gfac,@@u{ fpepadrtdabs| 1s@anp| s was sulfoawtdduas atbsbyibed in
Teasuri ng. the ol agt.aagl e:hse;mep aLelactal (Bab el BSlo the Mhagks.

stg[ I :glel Isstj;f%‘g%%ggms g ﬂnh aére];['xlc}glur;gre%ve Etogfowz.ng sul%o:i.atbllon,

Sampl e the un-nepbyaldped pelletpsvere repfvgdifrom the reaction chamber and
- Sgerr] Mg@ukédinto a 1M solution of Zinc Acetate in water. Aftemp3fh secopd$e the

Angl € (PH 7)periets are 1solaté<!ln§ | #19pAlt8dn BRl- dried in a Pacuum ovell. The -503Zn

92 0
EXE?Irer{)Ir]e 3D content of the Eg€631 % 8?7 determ:meti%% :Q-Jjay B.u%gescence andlvga ITpl o

3G 10  found tpgbe 4500PRIH] 76 * Mol e percent of the
pol ymer units containing a -SQerr] Merr roup in total polyner. 10

It is appar e®t Spifomatigng aﬂ%&%&ﬁ&%@-&gﬁg—r—%vel s of sulfonation (16
ppm can have an Bf thid¢ egampliee 209 brams of ERAtrallebs WEF-3:hé2 sipifhl Pepfent

ESI sanpl es. schikse, BCKERBRE detcoit BASL 100! MM fyres BOLHcHa &S b tadshr hreidt i

pai ntabi{d ty,, [ gpl %\éed @esé%h@n%ﬂfﬂ %rlagih%%ﬂ&uré%sl DL A5EA h & Slesbare
to gasoline an ot her sg ? 3‘1? lbe 11v e?/ Phﬂ;t oeI ctron.
Spect r oscopy°feRpg) until o? 9 ¥y k SRS EN Ee % s MEr & 5xam fed by
XPS to veri flg/ewthaklzpﬁemth amgiepd d gt deRFrédprd 16(.%‘&?“%1%?% H&estRelitic fogterthe

ESI pellets andhplEquesilets washdeteuhiiedeby ur-tac ludrespenas eediwvapefduptistd r om
Exanpl e 1B wgL g¢exipm.ned. 20 The pellets were then cut in half and the

i nsi de Cof € of th’ﬁxepg.ll. gg"%r §er&:g o% nggfgasagar&‘ieg(%re J.nvest:l.gat:ed u51ng

Tabl e 8 b dcen rati on I dercc no g
per cent) the gallgteblockipgmgphod descriped dn §UIMFE1’P Ri°PF ogén®
Fl uori ne (MicExeais| MP 3@-50-Specialty Minerghs BnC) wag dry(giled)to the Bl:?ets
1.6 (Sur §mLehaken ifAlPd @L3§lass jd9.5 Surface sQifonation waf) fo0)d to 0
0 (I'nsi dg:ignificantly reduce the blocking tendency of the polymer pellets.
25 . The results are given in Table 6.
Table 6
Sample Amount of ] Counte Force
Styrene in | =-SOyM" ** Ton | Talec { Required to
Copolymer M Break
Percent
wt mole | ppm mol ppm 1b kg
perce
nt
Example 3C 72 41 2200 0.13 NH." 2000 6.4 2.9
unsulfonate 72 41 0 0 - 2000 >100 >45.4
d ES-3"
Example 3D 72 41 610 0.037 NH4" 5000 7.7 3.5
Example 3F 72 41 490 0.029 Zn*’ 5000 14.3 6.49
unsulfonate 72 41 0 0 -— 5000 29.1 13.2
d ES-3*
Example 3E 52 23 1200 0.063 NH," 5000 7.2 3.3
unsulfonate 52 23 0 0 NH," 5000 >100 >45.4
d ES-4°
* Not an example of the present invention.

** Mole percent of the mer units containing a ~-S03"M* group in total polymer.
30

The data in Table 6 shows that surface sulfonation can be used to
reduce the blocking tendency of polymer pellets.
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* Mol e percent of ‘the nmer units containing a -SQerr] Merr] group in total
pol yner. 25WO0992069IThese results show that the sul fonation i sP&IERBREP?
predom nately at the surface of the ESI pellets. It also appears that
there is a slight contam nation for the TEFLON grease that was used to
seal the reaction kettle of the reactor.

- 33- Contact Angle|Ngagprements 1. A substantially random

i nt er pol ymer havirng wateulweoretidiity of swifecmtsuti@ratey ESdasampias ivasri ng

sul fonat ed @paxhatid f@nﬂéa%drm} ¥R®lcontact b@ﬁlsbgéaveeﬁ whtCOdHdN 3kl Rt Le e ef

conpri si ng: ﬁ??%u)es Sur%ac)e sulfroggihont 9?S6§° ‘l €oPs: ?licagt'}hpg%ﬁwﬁénggé o

derived fro one VI ny e aromatic
mononer , 3 or YR Hettab’-llty of the samplegrhi nation of at | east one vi nyl or

vi nyl i dene aromatic nmononer containing an aromatic ring
and at | east one hindered Tableal i phatic or cycloaliphatic
vinyl i dene nmononer e +6= T . fieé"rcen Wt of

pol ymer units deriyed fromar - so..m1 £ast] one al'l phati (

)

[err]-olefin having from2 to 20 car bo[T"#GRME, mole Angle (pH 7) afd
(3) from zero tofdRsdl@bk=teal B5IRE OT POl YNET| UNDL S [dEr T Vea2eT r om ;

di ene contai ni ng f [Bxample BP0 car bon aj 02310 gndo.is | wher eigh_sai d
sul fonated interpo| grawpleciM ains from{. ¥100 (69.A81 ¢ per cel¥ of one or
nmore groups represpBxaplp\3& he fornula erlr 0-MHere M8 hydr ogen,

NH err] or a group I,Fode pepceny 9% ghe %QY”H’EP’&FS FR4BHP @ 'ISB’F%‘!”“P in total polymery
The sul fgnat ed smesatsaap;baaﬁehy fran s | dHQr PRty 8fy Qbw CledbDd b£20ul fonleidi N

(i) ~ conponeat | zg)can hQ&‘J Ly 3 %é@%}.swer ehaLAL yﬁ]@xLext QLURNCthe surface of

(i) conponent I's deriye avi

n

to 10 carbof°h scHifFeRt |18ns‘ﬁ%8f“e@f’ taghty sibhaa £0Fe 1n bette(ru ii)
Min the fopmtabl-‘sqmr*ﬁ]prm'?‘% ghssdr ég‘émetf\’]—l[aéh??jmnu and\ip@sieafed KesiFjances
My[err], Cakerddsolivi] end Jothein[oeyddic &nfventd. or Culerr]. 3.
The sul flsmat ed subst ant ially randomi nt er poI ymer- of claim1 wherein
(i) eRE , ' Eede; 30 (i)
conponent (2) | STﬂel’du\IE&uafté@I’BSetMleﬂe weé @p:yﬂnm by XPS to verify that the

sulfonation only occurs at the ‘sufface of the ESI pellets and plaques.

The outside surface of individual pellets from Example 1B were examined.
20 The pellets were then cut in half and the inside core of the pellets were
' looked at by XPS.

Table 8
XPS Concentration in Atomic Percent (mole percent)
Sample Carbon Oxygen Sulfur Nitrogen Fluorine
-S0y M * .

Example 3C 40.4 32.5 9.2 (42.9) 15.7 1.6
| _(Surface)

Example 3C 99.5 0.5 0 (0) 0 0
(Inside)

* Mole percent of the mer units containing a -S0; M group in total polymer.

25 These results show that the sulfonation is occurring predominately

at the surface of the ESI pellets. It also appears that there is a slight
contamination for the TEFLON grease that was used to seal the reaction
kettle of the reactor.

-33-



but ene-1, hexene-1, pentene 1,

ocC
o o % e @Eﬂj il

My[err], or Zn[err]. 35 . The suI fonat ed substantially
random i nt ergol ner of claim3 V\:hl ch conpri ses (1)
froml to 50 ‘percent of polynmer units derived from

conponent (1); 401. A substantially ijndofur trheSpokyped havbhe apE\FJE;f@n@tQﬁ

pol ymer unit gsr&@eiy &} E¥cl¥uliphatic ring sulfonated or aCsIfomstdH fod)ymennd

(1) r0om OplGpble B! & REHEMIL R nBA BhngiBb Ly der i ved from
conponent (35J

(iv) said pol ymefteonfEs™d ¥ §mPL8 REFC8RE RS %°l(¥§‘F’ééﬁ’t‘t7)fdefhved PHron (a) at
group represented by theastoprrlvanylSEF erinyligene aromatic monomsr, or fhj a
sul f onat ed subst anti al tyniaaciom dher palsyn@te einydl ar milybidengtrrohattienpri ses

(i) froml to 50 nol em&ﬁimeerﬂoneéuﬁ%ymarmﬂé lqe.ala&ﬁa{ NQBLt one hindered
conponent (1) aliphatic or(cyc)l.oaf:.pmaén.oc tvgrﬁgfig?o%%oxpo%r ger%xdo pol ymer

units derived from

(iii) zet® nole pétrenfrdH 3Botl°yﬁ%r’“°ﬂ|ﬁlﬁe§°ﬂ‘étr |°\7e1%?lﬁ’1“6‘?num'ts derived from at
conmponent (3); and least one aliphatiqioctopefipnpaviogntmng tor en@rbort @tdls;:
nol e or percent of theanq group represented by the

formula -SOferr] M, 12 zefo co £ mote BeEORALL Dol (0ol DGR ULHEL ©

conpri sing | east
one d:.ene émnd;efrom 4 to 20 carbon ato%ﬁ) and. 'm1 to 99
percent by V\eilgminoﬂfal&tstllléamteénentehfeﬂmer contains from 0.1 to 65 mopp|peysent
free of nonoBEronendt modergreesk ireprasanosdby cth20formula -SO;M where M is Vi nyl or
vinylidene ng ES; ¥8Pdor a group 1, 2, 7, 11(&) 12k 1id Qo BEREENt Dy

wei ght of at st one substantially random

i nt er pol yner haV| ng a sul fonated aromatic ring and
made from m)nomarzcorrp%ﬁpéfonated substantlally random Jctgﬁﬁpq ﬁrg 5cla:|.m 1

(1) fratn 1lwhere@d nol e percent of (a) at |east one

vinyl or vinylidene aromti onpeRew®E (1) Qs §4Yivad from styrene or vinyl toluene;

conbi nation of at | eashﬂnecéﬂpBXLntor(z}/'Jéykééi%& from an a-~olefin having from 2
aromati c nononer.and at Ieast one hi ndered

aliphatic or cycloaliphati c ¥itlyFi-48ne* MBh P Y ggrbination thereof; and
and (iii) M(in) the fopmds P29 ipdiverpesrc el ofiat Npeakt: one
aliphaties[err]-ol efin having*fcath 2’y 28" cauber Cu™.

3. The sulfonated substéntially random interpolymer of claim 1
wherein
(i) component (1) is derived from styrene;
30 (ii) component (2) is derived from ethylene, propylene,

butene-1, hexene-1l, pentene-1, octene-l1 or any
combination thereof; and

(iii) M in the formula -SO; M is hydrogen, NH,", Li*, Na*, X',
Mg**, or zZn**.

35
4. The sulfonated substantially random interpolymer of claim 3
which comprises
{i) from 1 to 50 mole percent of polymer units derived from
component (1);
40 (ii) from 50 to 99 mole percent of polymer units derived from

component (2); and
{iii) from 0 to 10 mole percent of polymer units derived from
component (3); and
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Sg?(r:rgnt agg AVEB99/20691 ” Jll“lﬁlll“lﬁﬂ ﬂ! |“|ont ;lrglm nge1[ ?oﬁﬁ%éfg\?%@hf”
e

carbon atons; and onat ed i nterpolyner from
0.05 to 100 nol e percent 6f the aromatic rings contain a

substituent group represented by the formula -SJerr] Mwhere M
is hydrogen, NH err] oivh said polymer gppkajng frem §.%Hito130 RpigyPereeqtoRf cthe
form or conbi nati on t her eofgrod represented by7the fAribilends@M™.cl ai m 6 wherein

in said polymer from0.05 to 25 nol e percent of the aromatic rings
contain a substituent group represent QL B4 Bma e CLT i Vs

- 35- e e g‘%&gﬁtufu%%nhg% bne{géb: gne component
(C3) is ﬁres‘@ﬁf’hlwma#%ﬁount of zero nole percent. 9. A

bl end of claim8 wherefin 5 from 1 to 50 mole peiryent ofrpanBer upEly desivady FEeme
or vinyl toluene; and component (1); (ii) conponent (C2) is ethylene,
propylene, butene-1, (si) from 50 to 99 mole perB&it gﬁ%o& dexsnes Jier%deﬁfoml
or any conbi nation t her eof {m

component (2); and

bl end of claim8 wherein (1) m)norrer IS styr ene
(ii) nrmomoner (2) is etiiy) edrro prlgppenset dfupehider u’ﬁéieé?élIed from
octene-1 or any conbi nati oncdmbetieaf 13)gnend : (iii1) Min the

formula -Sqerr] Mis mqrﬂcﬁ%er Md['x@ilrnls fm{ @r§ ]to 1) Qd’oﬁ.& orZptsdent , ofl 2he

My[err] or Li[err]. ferpolymer conposition
haV| ng an-upper service TR reé’ etf’rte arL& %eastr%'?:L (ﬂer than the

unnodi fied interpolyner, said unnodi fi ed |nterpolyner conprising 20
(A frsm 1 to 66 nolz cosposbiligedpolepdert palymerdesdmpsiisingom at

| east one vinyl or ving)i defiemal QEBbd GeBBEHYTBY ;wedBRt of at least onEB) from
35 to 99 nole percent of p ;}&i?‘;:ﬁ ‘#mts derived from at

| east one aliphatic [err]-o fro 2tQ

ar
said nmodified pol ymer Mdsul tiflg f“r"o%# romby welofic ot ? o8 2 sUbT °Jt3fm
sai d unnodi fied interpol ymepolypes free it peppmer units derl"e £rom ar°mat’§o as
to provigte a sul fonated i nteinydl yeinyiddens mongners; and

from0.1 to 5 wei ght p%)cenﬁromsgfﬁ:r bd I';Leg!’:&'u:pS}[ viHi@ht of at least one (rr)

reacting the sulfonated inter fa 1f d
NH[ err] or a Group 1, 2. 7. \TDQLXJI%EI%a§ o%p:.gégr nex g\ung a sulfonate

oun 30
of reacting with the product®Prbif ${p "‘(‘1’1)"“atdBng’ifr]‘f\/ﬂ?’fo at components
| east sone of the pendant -8@pstsind groups to -SJerr]-M groups -
wherein Mis NH err] or a rreI)aI Ofom( iep85 Inol2, pekcedd ofr (a) at least one

12. o vinyl or vinylidene aromatic monomer, or (b) a
| | combination of at least cne vinyl or vinylidene
aromatic monomér and at least one hindered
aliphatic or éycloaliphatic vinylidene monomer,
30 and
' (2) from 35 to 99 mole percent of at least one
aliphatic o-olefin having from 2 to 20 carbon
atoms; and
(3) optionally, from zero to 20 mole percent of a
35 diene containing from 4 to 20 carbon atoms; and
wherein in said sulfonated interpolymer from 0.05 to 100 mole
percent of the aromatic rings contain a substituent group
.. represented by the formula -SO;M where M is hydrogen, NH,* or a
group 1, 2, 7 or 12 metal in ionic form or combination thereof.
40 » _ .
7. A blend of claim 6 wherein in said polymer from 0.05 to 25
mole percent of the aromatic rings contain a substituent group represented
by the formula -SO;™M.
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35 A composition of claim 11l wherein PCT/US98/22299

Zﬁiﬂd Vil oWQA9ﬁ9§9ilde?lel ;ir or;g;t Hummljmm"m&m ?Re;has from2 to .10 car bon.'

atons or any comdl ndti én thereof; 40

(itii) Min the fornmula -SJerr]Mis hydrogen, NHerr], L| [err], Na[err]
Klerr], 8. A blend of clﬂ\é@[érwh]e’,-’el'ea[err], I\/h[err], Zn[err], Cu[err]
or Cu[err]; céitdnent (C3) is present in( aw)amowret @f Sasirbomeliecpeyrehyner contai ns
fromO0.2 to 2.5 wei ght percent -S(err]- groups.

- 36- 01t|on of clalmll wherein

(i) sal d Vi nyl Sor vﬁn’f}lef'ae%ec%fr%nngtl C %mnomer is st

and (¥ )°°‘§-"8P’EP“aI(théP| TLIFERS PFoYEW; t‘ilé‘eﬁ?’hﬁf‘gne

propyl ene, but ene- 5 (ii) component (C2) is ethylenent prrpylendiekRutrnetl, oct ene- 1
or any conbi nation pentene-1, hexene-1, tobedr2el ;oxaafly combination

(iii) Min the fornula - SO glfbeM is hydrogen, NHerr], Na[err], Klerr],
Zn[err], My[err] or Li[err]. 10 14. A
surface sulfonated article prepared froma substantially random

i nt er pohgnmer conpPi si e blend of claim 8 wherein]) from1l to 65 nole percent
of polymer units derived fmofémer (1) is styrene; - " (a) at |east one

vinyl or vinylidene aroppt [6,dfRROMHBI is eth 1ene, propylene, butene-19" hé¥ned1,
conbi nation of at |east onecénﬁ‘nyl Qr 1\‘/5} cmemag §h%lreof' and
aromati c nononer containi n§°a ar oirafic °rin

| east one hi ndered al ilpHet Mcifoithe \formla p¥et ¢s hydrogen, NH/, Na®, K, Zn™,

vi nyl i dase nmononer; and Mg** or Li'. (2) from35 to 99 nol e percent
of polymer units derived from at | east one

aliphatic a-olefijn hayi ng;ftQ éété:%oggnegocomposnlon hav1ng an upper’ 36PARe

atons; and ze er cent  of | ymer
units derivd&gnperature at least 5°C ‘higher tg‘]f'rbﬁ‘g‘ﬁ u&mgnleflggnltntg c:l F'Or?'laggt o 20

car bon at onmmpmedidied interpolymer comprigiagein from 0. 001 to 30 rml e percent
of the polymer unajs from 1 to 65 mole perceontdd pelimen weitd daviveddiryment
contains one or nore g.ggyip%ngsun 1 or vinylidene ARHaESEMoRShdYY &k formula

-Sgerr] Mwhere |s dr.Qgen, r - I 2,
7, 11 or 12 net alM er 3% go 99 lﬂl__{l% {)el Qﬁt o oCJ]yme unétzldr%rlgecg fQ&P ajc

(i) conponent (1) is lgast @By aflﬁB'i‘ﬁ?Fy‘f‘é’r]lEfH’r h?ﬁ’rﬂ?I 9’f° Gefe: 263 ‘f)arb‘m “atoms;
(ii) conponent (2) i sademoditiedr prhyaer resnltiot efriom havi ng from 2
to 10 casbon-atons or @mpy &Qﬂﬁidﬁaﬁé @Rid hemhediffiedigterpolymer to sulfonationi i)

Min the formula -SQerr] Mg hydsogen aNl@bhdved ihirpbiymta] &drthinitlerr],
Ng[ er r] ' Ca[ er r] ' Nh[ er r] fZ rL%r ':’L]t‘.o QJ‘LeJ.g{ul perceo‘{:[ E(S;li groups; and
(II) reacting the sulfonated interpolymer of step (I) with a
NH,* or a Group 1, 2, 7, 11 or 12 metal compound capable
30 of reacting with the product from step (I) to convert at
least some of the pendant -SO;H groups to -SO3M groups
wherein M is NH,* or a metal of Groups 1, 2, 7, 11 or
12,

35 ' 12. A composition of claim 11 wherein
(1) said vinyl or vinylidene aromatic monomer is styrene;
and )
(ii) said aliphatic a-olefin has from 2 to 10 carbon atoms or
any combination thereof;
40 {iii) M in the formula -SO;yM is hydrogen, NH,", Li*, Na*, XK',
Mg**, Ca**, Mn**, 2n**, Cu' or Cu™; and
{iv) said sulfonated polymer contains from 0.2 to 2.5 weight
percent -S0O;” groups.
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35 : 16. The article of claim 14 wherein i
conponent ( 1wo /29691 ved from st (i) Pé%'ﬂf?éﬁlé?&”

(21 dertved Tromecryt ene.” o J{EINIIINNNAN “butene-1,

pent ene-1 hexene-1, oct conbi nati on

t hereof; and - 37-

(1ii) M i n the fasiul a cSipoeition\bf sllsminageered err], Na[err], Klerr],
Znf[err], (i)  said v1n04ﬂb§r6ﬂnyQidéﬂe[Eféﬂatlc monomer is styténe; The
article of claim16 which conprises 5 (1) from1l to 50
mol e percent of polyner uni *PS derived from

conponent (1); (ii) said aliphgtic q7odafip if *HYLAMY cPERCERT GPtere-

pol ymer gnits derived fromi, pentene-1, hexene-1, octenecdnpoaBNtcompinating
(i) fr;)m( g)to 18 nol e pergerdorfagaol ynmer units derived from 10

conponen ;an )- [ GRIM ajirS & oga+d. 1
to 3 nole percent of t(ﬁu? ::f,n the fornbl)-sofl! £ B%%Jl%ﬁrepr‘ésgﬂt e% bgﬂthe
formula -SJerr] M g** or Lig The article of claim 16 which
conprises 15 (1) from1l to 65 nole percent of polyne

units daoi ved frdam. A surface sulfonated artlcég”agegggﬁﬁ fqgm a substantlally
(ii) from 35nb6n Qcomceyiar eemprieingiol ymer units derived from

conponent (2); and I
units derived from 20 (1) from 1 to 65 (nbié )pezgérfi 8P &l?@éﬁ%ﬁit&he@ﬂ}eﬂmom

sai d pol ymer contains from@® 12t $*35%SPe nny?(ragr%cgnfyh
group represented by the f@*miPla 3. SEPRApRTLIM 5% at least one vigyl orTriRviigeng o
of Claimsl8 in the form of grehdwsicsporsiveetgonpprifdhg arf jappmatic ring Ar, and at

least one hindered aliphatic or cycloaliphatic

ﬁ1a§ tic monomer,

vinylidene monomer; and
(2) from 35 to 99 mole percent of polymer units derived from
at least one aliphatic a-olefin having from 2 to 20
20 carbon atoms; and
(3) from zero to 20 mole percent of polymer units derived
from a diene containing from 4 to 20 carbon atoms; and
wherein from 0.001 to 30 mole percent of the polymer units
contained in said interpolymer contains one Or more groups
25 represented by the formula -SO;M where M is hydrogen, NH,* or
a group 1, 2, 7, 11 or 12 metal.

15. The article of claim 14 wherein
(i) component (1) is derived from styrene or vinyl toluene;
30 (ii) component (2) is derived from an a-olefin having from 2
to 10 carbon atoms or any combination thereof; and
(iii) M in the formula -SO;'M is hydrogen, NH,*, Li*, Na*, K%,
Mg**, Ca'’, Mn**, 2Zn**, Cu' or Cu"

35 16. The article of claim 14 wherein
(i) cqmpohent (1) is derived from styrene;
{ii) component (2) is derived from ethylene, propylene,
butene-1, pentene-1 hexene-l, octene-l1 or any

combination thereof; and
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19.
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RN 0

(iii) M in the formula -SO;'M is hydrogen, NH,*, Na*‘, K', zn**,
Mg*™ or Li*.

The article of claim 16 which comprises

(i) from 1 to 50 mole percent of polymer units derived from
component (1);

(ii) from 50 to 99 mole percent of polymer units derived from
component (2); and

(iii) from O to 10 mole percent of polymer units derived from
component (3); and

{iv) said polymer contains from 0.1 to 3.mole percent of the
group represented by the formula -SO;™M.

The article of claim 16 which comprises

(i) from 1 to 65 mole percent of polymer units derived from
component (1});

{(ii) from 35 to 99 mole percent of polymer units derived from
component (2); and

(iii) zero mole percent of polymer units derived from
component (3); and

said polymer contains from 0.1 to 1 mole or percent of the
group represented by the formula -50;M.

The article of Claim 18 in the form of pellets, sheet, or
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